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PREFACE TO THE 
THIRD EDITION 


Since Wa , 1 t i ! «hec m IOS Y | = 
| | ed i inv changes have 
occurred within the indust to end e the terest and value f the 
handmade watch. Even the most pessimist onger belie that 
the quartz watch will bring about the end of the mechanical watch. In 
fact, the mechanical watch has ful ecovered its importana the 
industry and is in ever-increasing productiot 
This shift has been caused by the ris g cost al nutactur ew 


designs, which has lead the majority of makers, both old and new 


buy-in their components ind sometimes whole movements. Inevital 
these watches are therefore becoming more and more uniform in 
movement design, a situation that has turned the attention of some 


makers towards the manutacture Kf very omplicak 1 mechar ms 
These € xpensive watches are made in series, with the result that they 
are not individualh recopnisabDie a d accorain ly less des ible to 
the connoisseur collector 

Thus, the hand-crafted, individually designed watch is increasingly 
attractive to those whi appreciat the historic, technical, intellectual 
aesthetic, amusing and useful qualities of a tiny machine that must 
also serve a practical purpose throughout the day 

That Watelonakine has been successful in its aim to assist and 
encourage aspiring watchmakers is evident trom the i respondenci 
and testimony of its readers. This edition is the third English versior 
following the French edition, from which the new wat 
sions are included here. In addition, the colour plates show bot 
pocket watches and wrist wat hes with keyless winding, I 
the large winding crowns that dominate the English watches and 
have, in the past, preferred to wind with a key The system now u 
allows winding and handsetting by use of a three-position pendant 
that is locked stationary into the case. One pull up releases the pen 
dant to be used as a winding key, while à second pull up allows tor 
handsetting. Pushing the pendant back into the case secures it foi 
general use in the poc ket. The winding crowns of the wrist watches 


are unconventionally placed so às to present à sm woth, uncluttered 
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' s, A wrist watch of half ^ lL ies E ie 
surtace f the area. Because they ed * Oed P 
i openi "RS pd Ag 
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"aes ecd Mage 
jos d is 3 
"Mes 7 Te "E 
he movement i ces RE r 
; Gn in the design of the wrist watch is neces * ur diet —. " 
to resemble a gas-meter — as the a dm PS OLA REE A f 
watches do, Of the three exam les hus e 
selíwinding movement with calendar and et PR 
> subsidiary seconds dial in addition Y. wa B 1 ; ir w; i E 
reduce the clarity of information. Plate 1 incl Lo nup 


chronograph mechanism with subsidiary: chror AE 4 
centric minute counter. The mechanism, designe 1 AOAN 
space, prevents both increase in the thickness of Qu 
f domination of the dial. Plate XV avoids crow 
a reverse dial for the calendar. Pressure on 
position will release the inner case to open 
ial without removing the watch from the 
These are offered as examples of vari 
designs that enhance interest in the watch w 
integrity of design. Students sometimes intra 
sake in an attempt to distinguish their work. 4 ; 
tion soon becomes dated and holds little im 1 . 
and patrons of the artist-craftsman's work. E l 
The chapter on escapements has been 
emphasise the merit of escapements with redi 
of impulse of the lever escapement has susta 
years but, if improved performance in both. 
is to be achieved, then new forms of 
are needed. A detailed description of 
arrangement of the co-axial escapement, togeth 
is included. This escapement, by reason of 
amplitude, can maintain a close rate of timel 
without need of maintenance. It is not offere 
the watch escapement but, more pa icularly, 
future watchmakers to develop further the m 
lt is now thirty years since the first Dani 
and sold. It was produced as a public rejectic 
View that the quartz watch would super i d ] 
| have never been in any doubt that it could ne 
have been spent in making a variety of E. 
illustrated here. There is no more s 
artist-craftsman horologist, and | can wholet 
to readers. If this book assists others vie -— 
future years, my satisfaction will be all th | 
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i j the market for e 

tion, also reduced 

pcm which, by the late 1920s, could n 

industry: The industry finally ceased in 2 
My own interest in watches goes back t 


activity, but it was not unt 


of independent 
of making watches 
result of restoring 


included a brass Å 
a eil and an 8 mm lathe with some : 
there were two engine-tu rning machines, one | 
other a straight line engine, both given to N | 
David Torrens. 
Torrens had spent a lifetime at the be 's ol 
titioners studying the methods of a bygone 
His generosity was boundless and, as his m 
one, he paid their widows most generously for th aa Ee ARO SA ee den cs | practice to. 
stored away in his rooms at Trinity College, Du nnr al ments of a watch and t 
knowledge that went with them in his head with Pee at ie lur e fe ef | the ra nale 
dav, of committing it to paper. He retired at se Fre Leet vate ho at that time had 
writing a treatise on English watchmakin ; APR DRS ee oto E AA D, ca Ma AAA 5 
weeks he died, taking his knowledge with him er his guidance. The work tc Tages. MA TN wat hcase 
Torrens was a most kindly man who possess ich the cas emeret ERR p ada after 
everything that he had ever heard or read about ently my newly made name punch was r Rip sala 
with horology. He had a vast library but nev 
to it for he could recollect with ease not only t 
books, in three languages, but could also qu ote | | not critic 
line. I had visited him in Dublin to collect sor i ld Clerkenw 
engine-turning machines and talked for hours ab r wor 
methods. It became increasingly clear to me tt ie intervening years ha n many wate! 
practice for one man to make the whole watch | cluded sor ure that has 
centuries, it had become established that the Simp! | rar l v pr or it t 
watches was for the work to be divided into dis 10 be no result. But it is an 
separate trades. i 
When I returned to England with the parts f 
thought over what I had learned in Dublin. 
collected consisted for the most part of sim 
amateurish construction and with the 
of disuse. The most significant aspect of his 
that, for the most part, the purpose was T 
was, there were few remaining traces of 
lt was then that I realized that there 
of the pleasure of watchmaking by traditiona 
such methods had no special merit an 
methods would be the ones that succeed. 
ng equipment. Torrens had described i 
specialists as masters of the ‘cork and m 
is (Simplification of their ability büt it br 
Was accomplished by the experience 
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he completion of | 
skills required to r rst watch 
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only one good and indivic qc Moni a 


can make and 
watch cannot be sold until it 18 


Sense to spend 
early in the watch's manufactur 


a watchmakers ambitio s 
cert ecome proficient in à 
in the complete watch the 
hours of work, F 

Considering the fascination that so mal y nore lucrative were li m 
hanisms itis not surprising that many t iss were not alone in beli 
of watches. Because there are so many m | d if the; did 10 ‘believe th 

service and repair, à comfortable living 62 encouraging their s 
effort. Watchmaking is more difficult but. there were pe 
it involves many more consecutive hours "ei la 
is to be completed within a rea Tu à ade 

ted on Plate IV wi I 


watch of the type illustra 
(or a competent beginner to make. At à f 


about forty weeks We 
twelve weeks to attend to all other co 
atch is to be sold successfully the max T | 
ind encourage à buyer. This can «€ T 
intercourse, founded upon à sound kno N 
the prospective buyer may fully naersia | 
ind be sufficiently impressed to part wit: i 

li would be alien to my own philos | | 
lifficulties that can beset the ambitiou L 
vercoming and he will do this in his ow! 
too much value on commercialism eth r 
ne must be self-sufficient if one is to be Y 
to be seen to be successful is to enhances 
most of the world's finest works of ai t 

ir money and, if this is not abso 

The watch must be original in dé 
«hen completed, beautiful in appearar 
| buyer, Connoisseurs of watches ar rn 
ther makers’ work. They do nott d " 
ive need of them but because T 1 7 f 
"xcileerment must be engendered by bl 


mat can cause 
ain success IS to b 


convent ona 


N. 


mex 


i 


hours per w eek, 


g is not a finite subject, fc j 


Watchmakin 


continuous deve PAT ha 
complications My l y: d e 
development ol - book | 


the precision watch an 
contents of this book. It covers all reli | : 
elements of the watch and, as a get l d | iud x di i 
and essential dimensions are given for to . r 
Observing students àt work and talki iens Y may bc ore 
has shown that they are quite 3 bo : 
original w ork once they are sure there à l E ' 
out knowledge of which success is uncert cepi 
amateur criticize the professional for g a e 
thereby retarding the student's progress. 
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in watchmaking. The methods are simpl e 
can be acquired with intelligent pra ice. | 
methods of workshop practice he is mere NN 
fear of competition. It is this behaviour tl Sor leer 
horology as a profession. 2 t 
Once the student has been shown a 
many different kinds of work required f 
develop the confidence that comes 


jeg 


to be afraid of. For this reason I have g v sch | n 
at times think is a laboured description OF D 
tion of some aspect of the work. But I have! one t Heal 
it is a matter that | know from experienc he ntained portable ti 


My plan has been to present the subject. 
looking over the shoulder of the watch! ni 
work in hand is explained. All the work 
my workshops and the results are tr 
The drawings have been prepared 
sequence of the work in progress. In mar 1 
assures the reader that there is no uni 
In this way it is intended that the stude 
relating to the work in hand and then n 
to the drawings. In preparing and planni 
been fortunate to have the services 
ombination of skilled draughtsma shi 
has meticulously emphasized the r 
be sure that the text fully explained | he s 


made from a combination of my sketc 
Mr. Penney’s interpretation of the v 
misunderstandings could be mutual 
benefit of the reader. An additional m 
à study of their skilled execution will g 
general standard of work. 2 
The surface texture and form of | 
t mp by photography, are shown in 
n. lade every ty a eu o 
that are also tected RTA nope th 
towards an understanding of inis Ns 
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Action of Chronograph 


The wheel W is free-running on the hollow arbour E and 
rotates continuously in engagement with the toothed edge of 
the tourbillon carriage. 

The cam C and finger F are fixed to E, The wheel K, with its cam, 
is fixed to the minute-recording arbour passing through E. 
When clutch lever L is raised, spring 5 will press W into contact 
with faces D and the underside of E to start the seconds hand, 
At each turn of E the finger F will engage the intermediate 
wheel | to advance K one tooth for each elapsed minute. When 


W is disengaged to stop the seconds hand, both cams can be 
reset by the zeroing levers, 


Action of Pillar Wheel E 
Pressure at A from the chronogi ah 
cause the pillar wheel pawl bes 
at B to engage a ratchet tooth. Furt 

the pillar wheel one tooth. When Te 
raise the point of the paw! so Ula ^ 
left by the slope of the ratchet toata 
The diagrams below show the à! 
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Action of Pillar Wheel E 
Pressure at A from the chronograph 
cause the pillar wheel pawl to slide to the f 


with subsidiary dials, for continuous seconds to the right, 
chronograph seconds with minute indicator to the left, 
reserve of winding sector above, gold hands. 
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> Daniels co-axial escapement, Invar balance 
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reserve of winding sector above, gold hands. 


Chronograph wrist-watch, four-minute tourbillon with 
Daniels co-axial escapement, Invar balance spring with 
terminal curve free sprung, chronograph set into the plate 
to avoid increased height to the movement. Silver dial 
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Watch with one-minute tourbillon with fifteen-second 
remontoir, two-armed carriage, reversed spring-detent 
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spring with terminal curve, silver engine-turned dial with 


One-minute tourbillon with Earnshaw spring-detent 
t, three-armed carriage, stainless steel balance retro-grade hour hand, blued steel hands, gold engine- 
turned case. 60 mm diameter. 
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Watch with one-minute tourbillon with Daniels co-axial 
escapement, two-armed carriage, stainless steel balance 
with bi-metallic attachments for residual temperature 
correction, eccentric weights for regulation, Elinvar 


balance spring wi 
dial withsector fo 
engine-turned case. 60mm diameter. 
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Plate Y 
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| Watch with two trains and Daniels independent double- for thermometer and 
eel balance wheel with provision for ‘no to zero, gold hands, gold engine- 
turned case. 07200 0 1 5 ; 06 


Elinvar balance spring 
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Component details of the watch illustrated in Plate II 
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1-7 Component details of the watch illustrated in Pl ; : Caldsmiths 
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13 Co-axial geen of the watch illustrated in Plate V. London, and case ma 2006 0 


t fitted to wrist-watch movement. 15 Pivoted detent tourbillon carriage. 
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Watch with one-minute tourbillon with Daniels 
co-axial enn and keyless winding. Six-armed 
three-armed upper bridge and outer 
n teeth. Three-armed stainless steel 
gold weights for regulation. 


Silver engine-turned dial with inset gold chap 
rings and signature plaques. Gold engine-tu 
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and hand setting. UO 
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Watch showing solar and sidereal time. Independent trains 
with Daniels double escapement with wheels of unequal 

numbers of teeth. Silver engine-turned dial with 24-hour 

chapter ring for sidereal time on the left, and containing 
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for the calendar. Seconds below for sidereal and et; ies 
Sector for equation of time above. Gold IG 4 yer: 
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for seconds and reserve of winding. Gold hands. Revers 
dial with day and date revealed by pressing the button 
8 o'clock position while the watch is carried on the wri 


Signed ‘Daniels London. 
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Wrist-watch with one-minute tourbillon with Daniels 
coaxial escapement, balance with eccentric gold adjusting 
weights. Invar balance spring with terminal curve free 

sprung. Silver dial with gold chapter rings, subsidiary dial 
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escapement with wheels of 13 for sidereal time and 14 for 
solar time. Gold engine-turned case. For a description of © 


Solar and sidereal watch with chronograph to show solar 


or sidereal seconds as required. The dial as for Plate XIV 
but with the addition of centre seconds. Double-wheel 


Plate XVI 


Details of solar/sidereal watch illustrated in YO / 201 5 18 : 10 


strated in Plate X V. 
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Wheel arrangement for solar / sideral wat 


Fig. A Wheel train calculations for the solar/sidereal watches 


SGidereal train 


80 „28 „ 83 X 37 X 20 16, 268.571 vibrations per solar hour 
D xo 6 


Solar train 


50 „ 10 x 10 x 2 = 16, 224.15 vibrations per solar hour 


W 
TX RE 1:1.002737924 


A better figure would be 1.002737909 and the difference is 
0.000000015. 1.5 x 10° x 31,557,600 solar seconds per year 
= 0.4 seconds fast per year. 
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A better figure w! wild be 1.002737909 and the aiiterenee ww pL ee 
0.006 00001 95 1.5 * 10” 41,557,600 solat seconds per year 55 


s 0.4 seconds fast per year 


Fig. B Calculations for moon phases and equation of time 


The moon train derives from the sidereal mot 
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Fig. C The wheels WI of the solar train and W2 of the 
sidereal train drive wheels J1 and J2 continuously while 
the watch is running. The intermediate wheeel N can be 
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the watch is running. The 
engaged by lever U with eithe 
hand, carried on the arbor of the wheel C, to show either 
sidereal or solar seconds. As illustrated, lever L is resting 
on the ramp of clutch lever R to disengage the clutch and 
When A is pushed by the button in 
h to release lever 


stop the seconds hand. 
e, S is turned one toot 
arried on the 


the band of the cas 

L and allow R to rise and engage the clutch c 

arbor of the seconds hand. At the same moment zeroing le- 

ver M is raised to rest on catch E. When A 1s again pushed 

L is lifted on to the ramp of R to disengage the clutch and 

hand but M remains locked on E. To zero 
d by the second button in 


Fig C The wheels 
sidereal train drive whe 


stop the seconds 
the seconds hand Y is presse 
the band of the case to lift E and release M to fall onto the 


zeroing cam on wheel C. 


Fig. D The clutch is engaged b | 
y the bow spring beneath 
and released by the fork of R drawing down i clutch 


cone P wheel C to rotate idly on the seconds arbor S. 
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pocket chronometer with Daniels co-axial escapement, position pendant for winding and hand-setting, silve 
E » ? s LL with Invar spring with terminal curve, free with e chapters, subsidiary sectors for nen ot: , 
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Watch with one-minute fourbillon with Daniels co-axial 
escapement, three-armed balance with eccentric gold 
adjusting weights, Elinvar spring with terminal curve, 
minute repeating on two gongs, perpetual calendar with 
instantaneous change of all functions at midnight, phase 


of the moon, silver dial with inset gold chapters and Seconds 
gold hands, silver subsidiary dials for day and monthwith 
leap year indication, centigrade thermometer, the reverse 
of the gold case with aperture for the equation of time with 


setting calendar and req Qu OD à 1 2 


Watch with one-minute rourbillon with Daniels co-axial 
escapement three-armed balance with eccentric gold 
adjusting weights, Elinvar spring with terminal curve, 
minute repeating on two gone perpetual calendar with 

instantaneous change of all functions at midnight, phase 


of the moon silve £ v i 1 1nse 
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Components of the watch illustrated in Plate ^ *. 
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Perpel ual Calendar Mechanism 


The cam A turns once in 24 hours to lift B and cause pawl L to advance the moon train three teeth, 
When B falls to the position shown it allows pawl P1 to advance the day wheel and P2 to advance 
the date wheel G. J "PAID 
Wheel G carries the stepped release catch E. At the end of each month the appropriate step ofk wil 
lift aside pawl F to allow G to be returned to the first day of the month by rack R. In this positions 
pivoted end of E will touch the tail of pawl F to return it to the gathering position seen as at the first 
of the month, 

As the rack returns, the piece S catches the advancing lever T to advance the wheel K to the next month. 
The appropriate step of E is selected by the position of H riding on the edge of the month cam ol 
wheel K, The 12-toothed planet wheel LI is turned once per year by wheel K, Within wheel K is the 
leap-year cam geared 4:1 with the planet pinion, 


A Self-winding watch with Daniels 


| | Co-Axial escapement. Simple palaydarsyi 1E- 
rapid correction, Gold case, silver and gold dial. Hg (201 © 5) : 

B ( o-Axial escapement for watch C of 2 mm thickness, EC 

D Zenith 36,000 with Daniels e 


: ; | scapement, E 
E Co-Axial lourbillon of watch illustrated in Plate XX, 
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A Selfewindiny watch with Daniels Co-Axial escapement : 
rapid correction. t ‘old ease, silver and gold dial, enm imple, 
B CO Axial esca] 
D Zenith 26,000 with | laniels escapement, 


Axial tourbillon of watch illustrated in Plate xx 
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angles are needed always measure from the first radial +. 
accumulating errors. The watchmaker’s prime 8 p em 
true diameter circles to scale and divide them into a » 115 to dy. ý / 
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with a good ruler. Bus 
When drawing the angles of an escape wheel to e Tota 
ponent, only the active teeth are required. But to aan a com- 
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up the ruler to draw the radial. This method will bec ^ ae 
division of the circle so that drops and clearances can b = dete. 
from the drawing with the ruler. ae 
Io draw a true diameter circle draw a straight line first on : 
paper. Place the point of the compass on the line and, with à dm | 
lead, draw small arcs across the line. Measure the diana s 


adjust as necessary for a further trial. When satisfied make the circle 
on the drawing itself. 
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edges of the graver gently across a piece of Soft wood cover, f Cutting 
paste of crushed water-of-Ayr stone and thin oil. This y ‘IL, he With» 
remove the fine rag burr left from the deburring on the oi, pete 
leave the edges clean and sharp. If, after this treatment thei 
are examined under a bright light with an eyeglass, they „ mi edges 
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small radius. This will in no way affect the keenness pj Ural 
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before final polishing with diamantine. 
The diamond face of the graver can be elongated by the use oj 
a lozenge-shaped steel instead of the usual square-section steel, This 
is useful when especially deep sinks are needed for pinion faces M 
balance-staff rivets, etc. | 


polisher 


Slide-Rest Cutters 

Carbon-steel cutters and high-speed cutters are equally effective 
when used in a slide rest for turning annealed steel. The watch- 
maker does not often use the slide rest for turning hardened and 


adjustable centre height 
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boring-tool holder, shown in Fig 10, will take a variety : 
differently sized cutters from a standard diameter, tool-steel rod. 
Turn the steel to the maximum required width of cutter, file to a 
ball round form, and relieve the curve behind the cutting edge. 
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Microscopes 
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Brass 
The most common type of brass used for watchmaking is an ally 
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Binding Wire 

Iron wire is needed in casemaking for holding components in 
Iso in a variety of ways when 
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are described as appropriate to the work in 


of 0.3 mm diameter is required. For other 


hand. For casework, wire 
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Measuring Tools and Gauges teg Ma 
Micrometers 
The ordinary. millimetre, hand micromet 
hl: naa abu s 
er gauge will serve the general measurj and 
- Á E — — ec ne : "VH 
, selecting a micrometer W require, quy 
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Vernier Gauges 
The sliding gauge with vernier scale measuring te 
ure inside and outside diameters, d inthe to 0.01 mm ya | 
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Douzieme Gauges 
The pivoted gauge, illustrated in Fig 17, will measure the thick 


of curved surfaces. This is usually referred to as a douzieme 
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Plug Gauges 
— and parallel plug gauges offer greater ease for measurin 
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Phiers 
A pair of smooth-jawed, steel hand pliers will be use 
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Hammers 
In addition to the conventional, small, forged or cast ‘ca 
a fibre or leather-faced hammer will be needed for Ne 
in the mandrel. Excellent hammers are available in the 191 1 
with replaceable fibre and bronze faces for which many use enk 
found in the workshop. 
A planishing hammer with a slightly convex face will be neel 
for hand-flattening metal, as is sometimes required for sj 
purposes. And an anvil of about 60 lbs weight with a smooth ti) 
and beak is also invaluable on occasions. 


wL 


. he Adding : 


Mod ern te 


will extend from Q. 


24 Staking tool punches 


Gome of the punches will rarely be used, but if not available when 
aded will have to be made. The same is true of the separate stakes, 
illustrated in Fig 25, and many different sizes will be needed from 
time to time. Some tools have an extra base to enable the punches to 
be inverted and used as stakes. This system can be useful at times 
but is never so convenient as the conventional small stakes. A range 
of a dozen stakes pierced from 0.5 mm diameter to 3 mm diameter 
will cover most requirements. Very often a plain unpierced stake 
is required and of these a dozen assorted size 
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Drills and Drilling 
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the many different drilling operations undertake, 
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To sharpen the drill hold it in a pin vice and then make a 
steady stroke from the bottom to the top of a fine-grained ollis 
Now turn the drill and repeat the stroke for the other edge bans 
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Tap Holders 
When using the tap a holder will be necessary to obta; 
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When tapping blind holes the diameter of the drill; 
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Threading Holes in the Lathe 
When tapping small pieces such as rack bearings, threaded bushe 
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Tempering 
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corner and leave it equally sharp An Siam will reach; Slave | Do not P im the p owder away to the edges 9 1 
e simonie Mi DENT S 
the powder. moothing 4..." the | will Simp? nsufficient to do the work. A light pressure will g 
The width of tl lisl © Action g id thus eave! l face and crush down 
1e polisher for general work enal of y wder time to spread over the whole sur d 
lables | J 
to rest on the top surface and keep the polisher ; oles the fore, — | the P As the polisher is moved lengthways over the work it shou 
* "in flat... lee evenly. 4*- f : i 
the work. For smaller work, such as the short a s contac 1 be biased from side to side to keep the paste flowing, over the entire 
ar ay irs * E ‘Ith tiv 
A OF pin h of the work. 
None length O | 
; The speed of rotation of the work and the length of stroke of 
ed. Here again experience 19 essential 


1 shapes and sizes of polisher can be mad, | 
. ; e wh 

and soon a collection of polishers will be accumulat i "» reduire 

will CO 


with all sizes of work. 
Round l j 
steel wire, filed to a half-round section, wij] mak 
Y ake | about 40 mm t 


polisher for small work. File the end fla | 
t as in Fi a Boo] ; 
n Fig 70, Thi vi bow, three single strokes in two seconds will produce a satisfactory 
speed of rotation. For small work increase the speed and use shorter 


produce a slight taper throughout the worki 
. Orking le 
thickness and width, which will improve the bal ar n bah i 
NERO the polisher: usse ene face dehy Aaa alance and fed strokes of the polisher which, being narrower, will require 
(we d ; y ng the polis control of the sid i ani q seis 
, refinger vs stroking the file, as shown in Fig 71 m Isher on E 1 Ke The finish from the oilstone powder 
advantage in dressin e . There j dation for the final polishi i i i 
3 e scially so dr ni by filing across the "- i beginner must perfect his ee a 1 nee ene 
p file, is to risk putting the surface oy perfect finish. que if he is to achieve the final 
In addition to these si 
simple, flat po 
d 8 a : 
hand polisher 0% 0 ‘i 
g for nien i m 
or finishing irreguTar y sh f u 1 5 H 20) 
aped components. 


peg Filing at an angle across the face will produce a flat surf 
with the greatest area in contac | ine | 
t with the work and with maximun ocrasionaliy need clreular laps; facin 
These, and thei 
/ eir m 
required. ethods of use, are described and ill 
uir -& and illustrated ; 

as 


r should be relat 


good work quickly. A general guide is to use strokes of 


the polishe 
o 50 mm length of the polisher and, when using a 


be 
to produce 
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flow of the cutting paste. 
The need for a used file when dressing the surface is importini 
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Finishing Steel and Brass 
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i Ui 1 toy Olstone dust 
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i tN 
vith eiiam 
i i ariamantini BET Polisher is ch 
I^ i Hen i ' ` , , aro 
’ ow A. ee touch so that a small amount T^ d Wi 
fiat fac ihe edge will be charged by the s) Is 
en M Teac 
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during the polishing action and this is suffici 
: i ent i 
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Ihe speed of rotation of the work and the Je 
stroke are important if the best polishing athe Of the ` 
be obtained. As when using oilstone dust tion of the Pi er 
40 mm to 50 mm and a speed ol rotation Siquis Polishin Pay Ne 
strokes of a bow every two seconds will buie Dt to th 4 ke 10 
beginner. 2 RIS guis" "In k 

Use a light pressure on the polisher to allow bii n: 

spread and crush evenly. Do not keep the eq a the diam, a 

contact with the shoulder of the work but bis the poll une 
third or fourth stroke only. Allow the Polisher à It to tou 1, isher 10 
length of the work to prevent the formation e ander M m. 
The condition of the surface of the work can Ns Arcular a Ing "i 
is moved sideways during this action ang 1 5 as the paths, 
1e Press 9 ishe, 


speed are correct, it will be covered with a black h 

the polishing progresses this paste will dry and | Wis ae 

bright, polished surface. At this moment the fano a a Me 

will be quite dry and covered with a thin skin a. bs the Me: | 
If the work is not satisfactorily polished the pal nen liche; 
improve it without first being cleaned and re-cha Yer canno | 
paste. Further rubbing with a dried polisher will c rged with aon 
to roll into hard lumps that will scratch the Work Tid >e the Su resh 
obtained when the surface is free from scratches at 5 best poji, 
At the momen Vg 


polish dries. 


BELL METAL Even when using proven diamantine . 
pressures and speeds a perfect polish cannot aloes With e 
with a steel polisher. The type of steel used and ^ be ¢ ting 
hardness of the work can influence the quality of the ee 

sh 


steel is unsuitable. Some grades are harder than ste, and used When 
very sharp corner which makes it particularly Suitable ío Wil] Keep, 
in the turns or lathe. A sharp file is needed in dressine s ^o in 
with the polisher resting on the finger, as shown in Big e Surfaca 

Bell metal is a copper and tin alloy and when rubbed on af 
not so readily mark the surface by welding at the -— aad 
as can happen when two steels are rubbed together. This T. P Ne 
with its resistance to deformation at the sharp edge, ma ~ i 7 
" 


suited to polishing tempered steel. It should be used in exactly th 
same manner as a steel polisher. y the 


prass Free-cutting brass rod filed to a half-round section, simi, 
to that illustrated in Fig 70, will quickly produce a flawless, fin 


polish to small pieces such as balance staffs, wheel arbors ay 
steady pins, etc., that have been brought to a good surface withthe 
steel polisher. Useful rigid polishers can be made for glossing the 
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pressure. 
ing under P i á whe els 
1 can be used for polishing mous the face 
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us lish. It is impor 2 Gw for the 


nitat roduce a bright po usin T 
will quickly Pro” sree of scratches Aim s 11 by rounding it 


will put the surface O 


isl s with very fine cutting pune rn 
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W them on coarse emery paper Er a TRES O sj diis 
covered with emery powder mixed with oil. It is importan | 

: g sharpening, especially 


corners are kept sharp and square durin 
when they are used for polishing pivots with square shoulders. 


Small burnishers are easily made to any convenient shape for 
polishing the bevelled edges of small components or improving the 
sharpness of pierced corners. Keep liberally oiled in use to prevent 
the surface clogging and scratching the work. Silver steel is excellent 
for this purpose. File the steel to the required shape and le; 
working surfaces with a cross-filed surf : 
and 7 into water. Sharpen the filed sui 
Wrapped around a curved s : 
and the burnisher is ready si: 2 ihe 5 c" dicen. 

: Atternatively lay the burnisher 
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Ir dA A ` 
oy With 

a OO) 


on d pice’ 
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a thic S 
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kness ` d | 


short; aboul 
to 1 mm for a width of 3 mm taper; 
into a thin handle of about bs to 1.5 
o protect the burnisher wh x mm in le 

hardly worth the trouble of preparing 3 n not in e 3t 
a better result just as quickly. DN a Stee] «di is B 
hieved with a steel burnish iis needs n TR ^ 
atisfactorily done duh or Ore re T Wil 
a graver i Polis 
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produce 
than can be ac 
work will be more s 


a pivot grinder. 
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Components mad 
as the work proceeds. The methods us 
the appropriate heading for the compo P 
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and ce 
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of polishing turned surfaces and should 
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is revolving. e] 

Irregularly shaped pieces will sometimes me 
st part can be polished while stati Mens to be rey, 

he hand while the work is done Re either, ME 

y the poli dics “thang 
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for the mo 
or held in t 


Swing Tools for Polishing 
ere much used at one time for polis] 
S line 4 
S flat the 


Swing tools V 
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especially 


facets of irreg 
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As the polisher 15 raised or lowered with the mo "es of the a: the 

em ent of IWotz 
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the tool will tip to keep the work flat to the polis] 
unis - ae set up to polish the impulse face of a pe An example o¢ 
g 301. ote that the surface to be polished is roller, is ian 
with the pivots. The tool can be pivoted in the ie is the clamp id 
S OT, as Was 10 


usual, in a bracket held in the vice. 
In days gone by watch and chronometer makers s 
pecializeg | 
Jol 


reasons of economy, in one arti 

result it was e for a 8 de : their Craft, As ; 
jigs especially adapted to his work. With their KC tools and 
quickly, and without risk of mishap, the aa he could polish 
aid in = of finishing. No doubt the men Mee M 
2 : wn : 8 e a surface flat and square €— 
dis ES Í ; , E speed with which the work could be a 
vette principa actor in their use. It is certain that if a ma 
p e a perfectly polished surface he is sufficiently me 
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; ed jig c; „„ 
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ig incli! e nd bec mes O sher 
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re d flat surface quic 
finishing teady pass over the surface tO e 
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as gma lishers grip the plane 
lishe em i becomes charged 
p ^ il produce a flat polish but soon ecome : 
causes scratches. Do not allow the polish to dry 
A dry polisher will immediately become 
j the form of 


with brass and We 
work is finished. 


before the 
charged with brass, à COP 
pright, brassy streaks on the surface. T 


continuing the work. 

Willow-wood 1s close-grained but softer than b 

y it will cause the teeth of the wheel to 

A good compromise is to use boxwoo 
o a polish. 


| | and willow to finish t 
Diamantine should not be used lest it becomes embedded in the 


teeth when it would cut the ini 

á pinion leaves. Work the 

een per second with the polisher movin bc : iem 

direction. Clean the surface with bread kneaded d $e e Pide 
and finally 


5 in viru and dry in warm, boxwood dust 
e wheels need a circular indu e 
grain this can be appli 
pplied with a sti 
ck 


of water-of-Ayr stone | 
, lubricated with oi 
^ à wood polisher. Water can e "* 0 | 
mponent in clean water e used fon J 2016 i 
absorb the water Dry! and finally rinse 1 | ’ | D 21 
. Dry in warm, boxwood zm methylated spirits to 


hese must be removed before 


oxwood. If used 
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d to make the 
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at the edges. 
surface smooth, 
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g the point of the 
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e contact ~~ 
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r until the surface 
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Sp 
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Shin 
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! bread Ls. PO P the ; show - ces 
P roprietary tacky NDA da are no. K] 
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t 
0 W the end of the thread hold the s crey u ases that ar nile held in € 5 A very u it 
10 pe IIS tite Crio in 2 la Hand HM jerhand whl å 2: tool is otte -k enough tc 
3c in Fie 73 and rub on W rood charg ced YA ith dia: ma tern h Ke -hed unde se polishing it hould be thic low a 
a ae 1) nolis" 03%; : =< 8 
Holder between the fingers while sweeping the lenoy, Rota, * P ll, gener 315 Made of brass ed as illustrated to à" zer 
EILAS -- & t | ja < i e c - T — > 
The holders are made for broaching the Pipes "le | ti Jat poli ec pressure and ond finger while the aoe 
ho RA aid be LIN ^ ss 
and need to have the hole in the thread p dug; ge mi . —ndsr * set bown gi the thumb and seconc DN should be harc at the 
v hon » S feo : sf vee — — IS 3 
screws are being held. The heads can be polis}, nen Ven hr grip Det ward pressure The scr ni scoring the polishing 
^ed by , ^ 9 "AF. ne BOAT reve 
red but with the thread held in a pin vice, Altern by the . 3l maintain e ut slightly domed to pr at in their threaded holes 
can be polished while spinning in the lathe, weh q sing E that the screws are a friction be made without having 
E. Note U 1 e 
ate. ^"^ „ alterations in height can d on the 
» small alterati ment. The tool is use 
zo that the screw after each move 1 -o said plate or waxed 76 Bolt tool 
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. to d with the work clamped u slishing flat screw 
| zin Plat | i It 18 principally used for pe h return 
.. nnderside. R 4 S 
| ada I irregularly shaped pieces suc a 
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When the — of a curved surface is bounded at each end 
with a step, care must be taken to avoid forming a ridge at the 
centre, as shown in Fig 77. This will occur if the polishing stroke 
is made with the edge of the polisher in contact with the step. 
Avoid this by moving the polisher diagonally along the length of 
the surface. The condition will not be seen by the inexperienced 
while the work is in progress. Only when the piece 


and light is glinting along the surface will the ridges s 
73 Polishing the ends of screws on a wood block must be removed with a fine file and the work of 
recommenced. 
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rock the component * hile in contact. Fig 79 s}, er in t. 

ed pin sinks. 5 SNOWs à 


j IS 
The ends of the steady Hi ° ar lathe 
Y pins c rig 
= Ar E du 


j i= with polish 
i in the lathe by rotation or by hand in PA 
[ ; a Pin vic 01 
| Fig 80. Ce, ag lish. 
Li e 48 She haa 
* ; = OW, 
79 Polishing a hollow with a JS) E ih 
revolving polisher a 
C f 
A. 
, 
ff 
7 
M 
* 
b 


MIA 


1 Centring arbor for loose wheels 


80 Polishing the ends of pins on a wood bol 
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Ratchet Wheels 
The teeth of ratchet and winding wheels 
can be polished ; 
ed In thy 


pinion polishing tool shown in Fig 258. Fit the Wheel 
between the centres. Charge the wood disc with Wes to an ah 
arbor illustrated in Fig 81 is shaped with a at polish Ty 
cone to keep the 
Whe 


concentrically under the hollow nut. 
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Hands 

Polish the hands overall! 

eee inv creas tan ot alae 

are quite clean ¿ ase. The small 
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Blue the hands one ata tin 
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| xd at 
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the heat but wi Ls pat hes M ill need to he ady rin Uk tion of "Tia | ur? * it ces will re lishi d again 0 
» «lo ' anco ( ( f 
Any remain a W brass or copper rod heated w : With ole um shed 85 must be p? 
ha l ee a E X twee ers and tte ly it on th * a bloy ‘Ahy | npe | surface “it 
n . ' 1 s e 1 ! | ale ` , " " 
Horus ix f Jour, The hand must be lifte l * ed "T > pol mt non ith diamante to 
A delava cures V IN "S - Y W T & 
areas O! : pies I5 purple and then held elo e un m the t. he Jte! ! light polishing 3 cial attention l 
rod when the c e til H * "Wa ven a final PS ind pay es} 2 ange B patchy 
lark blue is reaches "Qui. ^ Id be 5 , clean t W ill cat 
au 1 ws hou thorough 360 k ol du 
gere " h Brus l'he malle st Spe | mm 
han l | thread l l 7 of about ‘ais 
rm of a drun hes virit 
thi + in the torn late above the SE 
Tut , supp?! j No 85 on a P t ~ : inder 
vllow shown in Fig 9 hen the rema 
MaKe a ul. Use as early and, Whe zt stage 
nickness OV. 5 we that colour es) tch closely the last stas 
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Balance aF. are blued on a flat, brass } he surface to 
) ap am RR brush and play the flame over the sur 
uu. — ihe plate with a wire brust er :scential that the colour changes 
e á l - acids or grease, » C» e i 
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relax slightly during the blueing. 
Helical springs are blued on a metal tube. A grooved tube is not 
3 strictly necessary but would ensure that the spiral is free from 
cnn ( oe the seh of the tube to reduce the heat transfer 
to the lower coris. Ehoroughlvy scrub x > YA i sis 
sil pass through the flame t ghly scrub the tube with a wire brush and 
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87 Distributing the heat in key shanks 
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aximum of 0.005 mm. j e i 
bis orrors of timing will result from this eccentricity which wil 


«eed correcting by adjustment to the balance. But as this is always 
„ecessary when the watch is to be submitted for observatory testing, 
'his is not a reason for rejecting the staff or the method of making it. 
it is important only that there is no relative eccentricity of the two 
pivots. For this reason the methods described for making the staff 
demand that the pivots are finished between centres. 
| 3 tithe staff is of course unacceptable. When the 
condition of the lathe or collet allows an eccentricity greater than 
0.01 mm, when the staff is tu 
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width of the teeth and the shape of the teeth. The number of wheels 
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gy sem ae | 9 Meressary. 227 Pantograph master wheel 
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Topping Tools | a TT 
garly nineteenth-century 5wiss watchmakers used a filing machine 
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was then turned to the next space by hand and the process repeated. 
This machine was later developed into the automatic topping or 
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257 lron-wire holder for Pinions 
shov arface is dull after turning, the metal is probably too soft. There 
des virtue in leaving the pinion too hard for it will be difficult to 

work and may fracture when the wheel is riveted in position. If, on 

ihe other hand, it is too soft it will distort during the riveting and the 

finished pivots will bend easily. 

The leaves of the pinion are polished with a disc of close-grained 

softwood. Pear wood is suitable. The disc is fitted to a spindle with 

a pulley for the drive. The pinion is rotated in centres below the disc 

ata little less than 90° to its axis. When the spinning disc is lowered 
into contact with the sharp end of the pinion leaves the pinion will 
rotate and cut a thread into the wood. The angle of the thread will be 
determined by the inclination of the pinion axis to the disc spindle 
This should be kept small to prevent excessively fast rotation of the 
pinion which would cause the tips to polish more quickly than the 
flanks. During the polishing the pinion is moved axially to and fro 
to polish the whole length of the leaves. 
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Barrels and Covers 
a Ley 1 ` 1 3 YQ 7 milak 
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Barrels 
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Lever Escapement 
The lever escapement was invented in 1754 by Thomas M dge, 
He made the first watch with the escapement in 1769 for Queen 
Charlotte, and the watch remains in the Royal Collection. The 
escapement is illustrated in Fig 441 and comprises a roller A fitted 
to the balance axis, a lever B with attached pallets for locking and 
impulse, and an escape wheel C with radial teeth to lift the pallets. 
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Action of the Revised Co-Axial Escapement 
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-— effsetby the decreasing efficiency of the train as the power increases 
so that the balance amplitude does not increase in direct proportion 
to the power. If only two turns were required for twenty-four hours 
the power drop would be smaller. This could be done by increasing 
ihe ratio between the barrel and centre wheel. The increase in ratio 
would then need an increase in spring power. This would reduce the 
: em of turns et in the barrel and consequently the turns 
ing available. The gain would be reduced and the stresses 


twice the 


t is usua 
four hours a 


ö Asproportionately increased. 
| luis necessary to change the available f ing thi 
1 ipie 29 . e force of the spring this can 


j — —H ivia Ts 
INSPrings and Accessories 


Which is the £ 
* 1e T^g A 
winding is ita available fror 
dia ^ ^Orlion IA a 
al to; 4 Sprj 
Prinp 


E is for the mo 
3 dulus of elastic 
tor a given type of F Of the 
applicable to aterial. The 
W = to any material of 2 
the width, T. the thick “ila 
watch, We , Mackness, 
: cannot be increas : 
the barrel. If it Were red ased, fo 
educe 
the barrel and increase eee the SPring Wo 
spring and inside of the b ; 0 E 
oam arre]. 5 
and if it were required to do ae force js Be o NT 
double the width. HP 
The force is inx 
s inversely Proporti 
* : tio 
SO halving its length would OE to the length YN 
winding. It would also reduce th © the force f ^f the pri 
same ratio and so tl number of e. ive NB an 
b 1e watch would f turns a, en any a 
greater influence on the balance ee SU Scam availabe 9$ "i 
the thickness. The force is Bison Plitude can be | ni 
and doubling the thickness will i onal to the cube AO OY Vania 
ncrea 
will also reduce the number of turns 15 E p torce by eighe, Esg 
7 1 y . 
much extra power the gear ratio could b ble by a half t times E 
turns necessary. = Mcreased to A ith sg 
3 Make 
It will never be necessary to increase the f ke few 
times. The dimensions of springs and ee ofa Spring 
of turns have been settled by practical usa 8 Bet m 
should leave himself some room for | ee But the Watchmak 
construction is original in design its BEIGE ie, e "OH unde . 
: 8 require er 
be known precisely. The barrel should Ens n Will not 
that can be fitted into the available space Dres * n ~ very largess 
LJ . Í T e ( ‘ : i 
only the thickness of the spring can be usefully alter 4 hail 
altered, but this will 


require a small change in length to achieve the maxim, | 
of turns available. m number 


kJ 


a Section. 
100 
F ET im rtions of W 
26 p t8 ^ 8.979 ni each side of the arbor. * Pro wound springs 
$ d ¢ ane : 
| | ickness in spring 
2278 mm te 


( 
Ve force it 


2] mm was sufficient and: 


number 


* 
5 re total angle of winding of the dw 
ssents each turn of winding, contame | 
e C represents the power available 
of winding and each turn produces 
; AB for each turn of 
for the same 


ver. The distance 
al to the distance BC 


Mainspring Dimensions 
ds to be wound twelve 


Ideally, the inner diameter of the unwound spring will equal the 
outer diameter of the wound spring. The actual length of the spri 
for a given barrel will depend upon its thickness and the diameter 
of the barrel arbor. The smaller the arbor the greater the space Id 
for the spring. But if too small, the spring will be over-stressed and 
ed at the inner coils. The ratio of arbor diameter 

Be spring thickness should be about 30:1. Less than 25:1 is undesirable 

EB o a and will shorten the useful life of carbon-steel springs. For a watch 
: "e : arbor a diameter of one-third the inner diameter of the barrel Wi 
| suit and ensure à sufficient number of turns to give an adequat 


A barrel of 21.9 mm inside diameter, 
 Aiameter, was chosen for the watch illustr 
¢ winding are required, of which only fou 


ae 


M c wen 
di Ar 5 3 


e AC. After a further 7.8 


become cramp 


with an arbor of 73 nr 
ated in Plate IV. Six um 
r would be used to ariv 


Mai 
ins ; 
` Fir 
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ic. But the power throughout the eh 

: X. so that the difference in power 

P o a very small. 

inding will produce a 
available will be 
turns the power 


rin o : a tot 
xc d. the F ease P r duc" : seful turns by some 50 per cent, 
| n pin he four Us : y 
16 eaten, por a SE during the kon spring for a thicker one to give 
gU ed: idly a the short SP bv increasing 
E rel iol b Chang!" will increase the . i y ridge 
ie ata 7 turns e and the percente 
15 1 Y gno" number —— will remain the sam 
xU 950 4 ne t t 
c he sP Bi S e the a ane cannot be plotted exactly, as 
; D. power 192, by an ge friction of the coils is variable 
oe 13 b, a in BB turn of d ei due to the different direction 
E E n Mil sing and Ur totation of the barrel will also affect the 
VM er w do ill offer less friction. 
d. A veen spee barrel will ofte D 
iy 5 G pet ation: e and à pun E is made very long and weak 1 
ds gU. of ihe coL yere (Be ep EE nd lubrication will P 
E | piion ^ igalarly © any gagne, Tempera ge ill b | 
Pee ice 1 Tis is Pe produce long term a molybdenum grease w1 e à 
^I WEE order V he power. In the 
"Iu Fe in ct the 
NIC = y affect P 
i 4 — x 10 jon jubricant 
ERES pe 
: E | p. Mainspring i watch may be driven by a spring producing ip 
Di entre wheel P ur hours at high power or twenty-four turns in 
pt — A $ : 
Tei twenty 11 15 power. The former will have a destructive | 
4 quM: hours à ch will rapidl diminish during the 
gren 19 ly wound which . ; Tes 
F forcé when uel The latter will produce a variable power which | | 
7 unning pe nt to drive the watch reliably. As in all branches E 19 - 
| insufficie and the solution to this 493a Carbon steerspiitg ; 


jll be in ise is necessa 

6 B n i j horology : bec by B 9 R practical experience of the 1 
problem P ofa modern, going barrel watch. Ei 
quim me: that stop work can increase the power variations by y 

2 Mn n useof the top turns of the spring. In actual practice the 
per occur with a carbon-steel spring of the type commonly 

4 E. jd watches with stop work. The stop work should be 
pina T f winding coming into use. This will 


fited to prevent the last turn o | 
prevent the spring being over-stressed and becoming, cramped so 
that the number of turns needed to fit it into the barrel is reduced. A 
reduction in the number will bring the first turn of winding lower 
down the curve, with consequent increase in power loss during the 
iwenty-four hour run. 

Modern steel-alloy springs have greater elasticity and can be fully 
wound without distress. A further useful feature of these springs 
is the reverse curvature of the outer half. Figs 493a and b show 
nie between the form of a good-quality, carbon-steel 
spring, a, and a steel-alloy spring, b, after the same period of use. 
_ The effect of the reverse curve is to increase the power from the 


‘outer hall by winding it through a greater angay nme] hi 
we e holds the wound in i | 3240) D 
eee TO! 


z inn of unwinding by unwrapping from 493b Stecl-alloy spring 


— 


Oo 


492 Mainspring power curve: 


Column B shows the number of turns of winding 

Distance AB shows the power of the spring to be proportional to the number of 
turns of winding 

Curve C shows the relative power increase for each turn of winding 
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Ores 


able to 


E the Out 
— ; l iy end y 
Q Which the ; Ter 
, e " Vors. be 
higher A See ils aire ww. SECUTA v mougn tO want to ) 
his Spri 858. Mucio Lounge Villy 
— — l Ings towar ao achio : hiro ; S 
vards the ved un No ! Wen 
49. Hoo r contr Ich l l'ont lc | e 
4 Mainspring hook ri Ks and 1 ithin 6 "e 80 th M " Men angl "pi nic, "AV , force of the 
te form of i n TT LT NR yd ata f * hoch for e the atackfreed. 
| he I NAM Sprit CH} hy Vy, In s jer „eed m n! , lo the fuses or t eth 
t 100k is rivete '5 hook :J ; Wo, Yh MT y" T jy co?" nie! x» A sixteenth and sevente 
1e surface, | Cd to the ea. Nin P. re Wall le ^ gan the | | form found in 
hook one Tt has the sli spring and : Fig 494 ML wt. ser „in the usua 
11» L] . p rd t - M y, A ' 
sufficient Toma useful der disadvan le riy Mp] T Ms d 1e 
oes SPACE 18 1 ` «dé, 4 | P 
MARNY the hook 5 e alloweg 855 the bay : thai th tileg NL MM It wa nech the cam t he cam t 
T r i z : " r n 8 € 
in Fig 495, The «p let int large... This ig ek, N fI ih ap: lagen CAT e higher! parto he position show” 
iS usef he Slight rogil © the im liam, I ti O85 Vil gl NO p nt wW th the b 1 tl e spring to the f bsorb atk 
: a eful for reliev; esilienc inh i l surface bai ii Ion, the ald nee! n atop" 5 il extent 119 pivot of wheel b to ab! : 498 German stackfree 
Pring is fully 8 ng the barrel à rent in t] [8] th | an | j, if y aci? 5 ig 5, TI 1 pl » friction o During unwinding the cam 
lo avoid dist 9 105 and with Seth of e d eng rel W "ny D (he apt conside the ainspr" st ck-freed spring, tig Ringen 
N a wi i stortion of out sto Xtra Of Vall ol xe! or , ^ of the 5 a : - scrative curve 
F: inder should [ the atri P Wor] Presg,,. e Hl owe! pres ire inspring. The negative 
E: eighth of the n be used if th Pring w hil e N TT UP of he Fieve s P wet oft pma " ina mainspring when at 
2 : ( > fs > . ` i ` v J i 3 5 > - 
: 495 Recessed barrel hook Fig 496 will suit for mi, the b height of UCET 4 sf ow qwindl n is meant to WAP 
OW ar à à l or n | * arre]. "T. ; e gm 0 | l yl $ (he cam r ve 
x z. irbor, place the T di SIZes of " B Fhe simple ane exe, anel d " the are unknown and it may ha 4 
. unwind into the | Ver the exp rel. Wind t] Mde 158 gud it he est. the stack 499 which consists ofa pe 
Án Fig 497 is easier Jarre, For sm m sed ( nd rev ) Wn | Wies gi of 8 n 1 ; in barrel by a chain or cord. 
e P the arbor 2 O use, The in C] pi in n f { thy 5 On to The e the (use A to a mainspr 6 the fusee SO that the 
D With a hand Spring is! 55 the rat n aded m ecte parrel on to : x4 aM 
E- open end and th nas: The mains et. Wound tem sho ill pf pulley s ound 2 atest P wer. During, unwinding, 
» winders should : spring is ejeck aoe barrel , to the WS i spi pain is a acce s pns radius to compensate (or the 
- f í 1 1 E - U ' i urpo ahe i119 os r i 1 1 € . 
| the force of the ei s used for b ad " nie Into : aced ovg E Mm est wer at à jd en fully wound a stop levers lifted 499 Fusee with chain 
1 arro i rler ame celo W] le o | m in pu^ ing: . nt 
: barrel wall. "B Spring will « d M tee] h. M The be ca ower ol pe pees a projection on the fusee and preve 
s : © the h OKS bees eing in to 
= Ot ] : "Causes du ine chal A 
10 diston th si n favour with the French or English, who 
ghe (U^ reed found bot watchmaking, Presumably it was not 
ANNEES C ; j 
(C | m AN The = nated the fiel iriction is proportional to the pressure it 
nu — | lo N | N nu et put as th Š Acfened watches have high-geared trains 
: 07 j) 4 ali ave worked: sn and it may be that the forces are too great 
a N hou 8 ; rati ; 
; | she mal variations in the 
| and powerful hout harshness entering in to cause vark 
| 496 Mainspri ; MT wit s ad worked it would have the merit of occupy mg 
| ainspring winder for large Ly estac space. 
springs i | tion (th whereas the fusee takes UP useful spe 
497 Mainspring: nwa ted spa e, 
BS wintdi 
spring: "TOF small 
Equalizing the Force of the Spring 
| When only the verge r 
T ; as ^ V /c S t 7211. 
driven timekee e ; Be; Vas available for u. cud 
ri pers 1t was important to equali in springe 
, 8 J ‘ anze 4 . m 
spring in order to avoid excessive variati : | AN a 
- , ee t "OY LA ms o alan 
the introduction of the cylinder escapemenl pe seeping. Wigi 
, 1 j 8 " ; D C » W TT à 
55 disturbimse | i 
Detached escapements are still less affected by ng to the raidai 
4 " e T Ower variat , 
that a great change in power will cause only a s il cl — 1 
3 D ‘ i Cild ige ll , 
For general use with modern escapements th m th 1 
" — * z " D i i e ( 8 Of 
5 rin 1 À — " y Ly J = 
T ging and adjusting watches have eliminated the necessity 
| or constant power 50 that aids to this end are no longer used, But 
the watchmaker may see the need for reintroducing one or more 
of the earlier methods which were, at one time, universally weg ; 
TES ne i a 2:545 Rag 
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Stackfreed T 
ee he Cam is the. 
its thin ed he Pivoted CO! 
pressure E extension , 
wound S oe When t 
Wee petite fiho d 


ASE, 


power allo 15 
allowe 
brake B can à S to reach the ec. de pres 
the Pun. T S adjusted to } (a Peme ‘Sure į Sha 
The syst E old the he relea "ng 22M 
be recommen, em will nee de balan. thick, seg Bis fell 
P Wended as POREC Many Na. ness ne ang U 
With reliab] Y year CO 9 M 
| e, but it ners of rup ang Ne qe lg 
1 V E : ‘Ming ro, nting 
The Sha n? o0 Vorth Jefo Shon 
pe of the Fusee Te it aa 
The fusee Watch R^ Cone “Time Lan 
7 Need . hij 
Watch for the same E a Stronger ma; n 
unwinding of the £ alance amplit “spring t} 
of the first HULGI Usee Must have eer The 1 the 80 
unwinding of nc e = Me O he lags bang a 
going b Lr as the ui turn d 


there will b 
e fewer tu ; 
lower doy rns in th 
vn, as i i e bar re] 
The shape is 492, Tel and the 5 Watch. p; Sining 
EE al the fusee m Wer cure Meare ; 


The 

um ae ani for the Watchmaker ; 
cuy applicable to tH S to Produce 5 . a 

The practical soluti 1e Watch in the coum A 
Tactical solution is to dey; lé course -e o aE 
the dimensions of the evise a correctable " OF const of 
Wheel and barrel ca a are known the a “OMPromige: oH 
fusee. To take a Eie n determined as the ws Of the 

: 1 dSIS far £ 

diameter with a lev Cal example, a watch oven ie formin 
er escapement. For thirty! ent will bes 
: y. 1Ours 


a fusee wh 
eel of 60 teeth and a centre pinion of 19 
leaves, 


1 
* 4] 
p 


ful spring will 
available. The barrel 
e room at the centre AM 
ain and 15 3 
would suis 


overlap the centre pinion but must leav 
for the chain to pass. Allowing 1.0 mm for the ch 
diameter for the arbor, a barrel of 26 mm inns 
a mainspring of 0.3 mm thickness. The largest diameter of the A 


cone will be smaller in diameter than the barrel and all subsequen 


turns are smaller still. The barrel will make fewer turns than th 


fusee. 

We shall decide on 5.25 turns from the spring but use only 92 
turns of the barrel for 6 turns of the fusee. With the spring imti 
barrel, wind it tightly to set the coils. When unwound count tt 
ng from the barrel, If there a 


number of turns and remove the spri | 
10 turns in the barrel and 5 out, then it is wound 5.25 turns When 
and set up for use. j 

From Fig 492 draw the curve for 5.25 turns to 8.5 turns, 


"hi 


omputatte 


Mainsprings ane” 


no 


f the fusee curve 


n of 

PO of the fusee. The sum 
d into t eee of chain required for 
turns of winding 


chain required 


scale of Fig 501 is 


UN 501 by the scale to find 


eur esca * 
au ^ e a total length of chain equal 

é at equal increments to fig the torce 
^ottom radii. But the resultant force 
Ws turns of the fusee. 


umber of : 
will depend upon the dimensions 
witk spring will 


ith a powerfu 


— 
j A 


than a small 


os : ntly a higher cone E 
mm diameter a chain of 0.5 mm 


mm high. Fig 502 shows 
ensions to suit a watch 


8 aj 8 


E. tebe i 


^ s - * — Te 1 A > 
<62 M Li Li : 
a Is mn S inc CO’ 580 
I & ; 
8 FIC S 


e 3 =] 
Equalizing the F NAI pt s indes ( Fa „ ; ain t 
Th > Me rote m 5m Mh Ww t Nd "m c ye aH bac ote 2 iT 
C force at the Un DIM CT ug, ol“ |l 10 the * — ring, 
8 T s le small . ra er INTUS nd het in use E S sp 
se ting up the mains m ind greatest tay ny ji al \ i (o ox vecet eet x. 1s ing winding: N 
in Fig 503 fitted to th : B using the turns ¢ D Be are mo 1 its ratche eat wheel pumps ) 
the weight 198 — 5 fusee arbor W adju t 8 n be t M "A A enges NB rive the | ` 
` 72 Sr. - : Inc lOq + ual. 10 e USE 1 
to equalize Eig fores om e the p tl Watch NT | 10 ch, vine to“ A 
Tre » " e J alt E u 
Sreat at the small end re last turn of de barre] fully ng do Es qo 00 i 
5 7255 more turns in the 1 the Spring fen ding 15 er the “jug aie d 
e spring is too w arrel, If the Or a Wea e pyn P | 
the small end ELT It is safer X den t the od one is À 
be equalized ns 85 > y Oversized so th 2 Cutting th. end i. ki Wil} Á 
reduced inthe? setting up the spri Power at i fusos (Sete 
1e fusee enein at ` ng. If liecac. le la 3 9 lea. 
Sine to suit t] Cessar, ., Be en 
le spring. Yit can 1 
EA an lai "dn 
er | 
» 
E v 
ee 
MAS 
503 Fusee adjusting ri d 
Setting up the spring for the first turn of windi 
y E I1 , 1A - . 
the power throughout the turns of the fusee. This . Will increas 
E i us means 3 * 
that the small turns are too large in diameter. The T 75 In eff 
‘ E : - CUITerence we 
found to be very small and is useful in allowing for f; E k we Fuse for the fusee to be placed to the left 
: . : | ; j na Correche à 8 i 0 à j | » 
of individual turns to suit the wound spring characteristics » Reve usual i fusee anie ss back, as in Fig 505. In this 
^ y : : - C A. n 8. . ^ 
If a precise adjustment is required a final check should be m Aa barrel when ish the pivots of the fusee is the sum ot 
: à à ‘DE magen gt we re on t : 
observing the balance amplitude at four-hour inter j essure ion 1 
g plitude at four-hour intervals as the spring i gement 1 pinion and the tension 1n the fusee chain 
! ihe loce at the C the fusee and barrel are reversed, as shown m 
! j n and fusee 


runs down. 
the positions 1 divided between the centre pinio 


Fusee Maintaining Power used first by Mudge 
During winding, the power is lifted 
and some form of maintaining power is necessary to keep the watch 
running. Harrison devised the method shown in Fig 504 which, 
although complex in construction, has survived to the presentday 


The ratchet wheel R is fixed to the face of the large end of the 
fusee cone F and is pulled by the chain in the direction of the amag 


from the train of a fusee Wat d 


ibus Butit 


of conditions 
prising that the individua makers such 


e T 
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of the hole in the brass, as in Fig 507. Note that in this 108 ande f 


Constant Force Escapeme 


nts 
In the constant force e 


scapeme R 
delivered by a separate. era 4 s the Impuls 
spring. After each ; Po Sent enh. to 
P: g icd each impulse to TUM Scc er sprino he Ose: 
escar ws reel which re-sets it on its - e the de EH Pive vata, 
To avoid variation of force HUE in aaa ready q iia M M. 
1 — Hanes e Q M 
of compensation is needed for the Tod ko npe * ime D 
sufficient to make it of Elinvar whicl : SABE It Wou] ‘Ure, so, Pul 
change of temperature =a retains co d now ef 
"d as-- : n tant Wad. Thy 
Such escapements do not Fulfill the; lasti, 100 b. 
: ATUS i ei = y wi 
timekeeping is not better than Ene r Promise diw With 
The constant blow of the detent again Bu dete y n j 
. e S >j q a 
the same spot, seems to induce inconst le impulse s escapen of 
with the disadvantage of the fein, Of action t, ae 3 
them unsuitable for watches. ie compon È foggg 
Cents ~ ae 
m 
Remontoir 3 
A small spiral spring, intermediate to 3 
3 » E - any — 
train and wound at regular intervals in ‘wo Wheels; 
supply a constant power to the escape | E mainspri, m i 
"um R e n E = Vhec "Filo 
delivered in both vibrations of the oscillate 5 Impuls, B Will 
4 j E E ator þu e Ce 
escape wheel so that the defects of the cons y the Conye, Og 
not arise. Istant force ger onai 
/ ~~ Mete 
If the remontoir spring is between the esc... E 
: ` Cape Wheel 
then it will need to be released at ea Pe wheel and its 


ch vibration ! Pini 
conv don. Thie 

be inconvenient in a watch in which limitations Es This would 
= = 0 leie] d 


necessitate unacceptably delicate components, The w, 8 t woul à 

in Plate II employs a remontoir released at fifteen. vatch illustrate 
s . r " I-Seoc ond: 

The spring is of Elinvar to avoid the effects of tem. interna 


on its elasticity. mperature change 
The use of the remontoir is by far the best metho dures 
power supply, but it is complex and costly to make 2 5 thing the 
j d ANC. For th x 


watches with remontoirs are very rare and this. combined NS reasgn 
attractive action, gives them a special place in the affect "1th thet 
connoisseur of mechanics. The fact that the mechanism S of the 
unnecessary merely adds to its charm. — "M 

Making the Fusee 

The Brass Cone 

Prepare a brass disc for the cone, leaving it oversized in length " 


diameter. Drill through for the fusee arbor and broach thi 
taper. Fit to a tapered arbor in the lathe and make the face: 
the hole. Turn the cone approximately to shape leaving all 
oversized. 


The Steel Arbor 1 
Form the fusee arbor from carbon steel. File the lower length 


hexagonal in shape and to the same taper as the hole in the brass 


The small end of the hexagon must just fail to enter the large em 


flange for the stop piece is formed in one with the arbor. This mayi 
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r with screws fitted into the brass Or thread. 1 


eithe 

rely or. » E > T , $ = 
spi the A the flange Eu IPM 5 the top pivot 
"m ly on face ut the flange eee ve reduced to provide 


of o 355 - (^ "^ c» , 
ji. up The p the frame. Measure from the face the Position 
1 


Li | nce s ^ and add sufficient to allow for Clean * 
ole eara K, Fig NS ot after hardening. Drill the E eu | 
t pole the to P and 2 
af (o isti to be done after hardening, file the Square m 
: P , pers the scat leave all dimensions oversized. File the sto po^. 
pr adu pivots P Sq in oil and temper just sufficiently to allow s 
To n the A F ard : ivots must be left as hard as possi PEA 
d {u shape filing- The x à ° Possible E^ 
pi et? ane S re of the mainspring. P 
yg we PES us 
eine E 
p" wheels tool and drive the taper into the brass. Finish v 
ng and diameter and make the Square to size. Ty 
of the cap pin hole with a knife file across the p 
ge hole in the ratchet wheel to fit the arbor and drill ie 
MES at two diametrically opposite and differing p 
e iu radii will help to locate the wheel correctly H 
ifferen ne centre hole further to receive the boss of the E 
4 wee : t finally pin the ratchet wheel to the fusee. ; 
i wheel ar d maintaining spring and finally the cap and j 


eel ae ced a little at a time until, with the pin 

y Tah d maintaining wheel can be turned freely 
Mr ) Finally finish the cone to shape checking 
be drawing while allowing for a reduction of 


ait Ea. chain or cord when the groove is completed 


iral l ; of damage it is important to finish all the fitting 

y D. spiral groove. This is done in the fusee 
508. The cutter A is a sliding fit in its guide 
act by finger pressure from above. Turning 
the nut of beam B along the left-hand thread 
v alon g the spiral. The ratio of rotation of the 
'the cutter can be varied by adjustment of 


anc P! 


4 


| apta the largest diameter. Use a flat-faced cutter 
„ the edge square for a chain, and round for 
s will be needed before the full width of 
et. At the end of each cut withdraw the 
ation of the handle to return the cutter 
thi meat s damage to the groove edges due 
ol will be avoided. When the cut is the full 
ength of the spiral it should be examined tor 
‘These can occur in the early stages when 
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Epicyclic System 
With the going barrel the mechanism is more complex becaus 


the barrel is stationary during winding. It is necessary to fu 


pP = y = DE 


Mainsprings 


continue with complete cuts to the 
will require more Pressure to cyt Due oed 
ess k ^ ap X. 4 an ~ 
$ e dae of the cutter as it travels Min the ; ar 
dk 1e P d end does not reduce TN “B the py Urns 
cutter in the > make 9 quickly Pins and 
cuth ve lathe, make the slot for the AMICK] Fin, ucl, 
in Fig 504, W. e hook and ^N Ly, With. 8 
* ^ * it t e 
The groove can be cut in the lathe if. he hoo, a 
is . Rest the cutter against a | oa 
and apply cutti i à i 
t aF py cutting pressure with the finger 
a i : “TS. Re 
nd and, as with the fusee engine, Withd Rotate the x." Sli 
the work to return for the next cut SAW the Cutt . 
í er 


EN. hand is turned by the arbor of the wheel F 

; 1155 hours of running on the dial. During 
l by the barrel arbor winding wheel H and 
to turn F and reverse the direction of the 
of the hand will depend upon the ratios 
to & and D to F. The ratio of A to B will 
able for B. 

times in thirty hours and driving B in 

turn sixteen times in thirty hours. It is 
n through 270* in thirty hours. The 

B during unwinding. Each turn of B 

stationary wheel D of 12 teeth. Each 

wheel F of 10 teeth by the difference of 


Ri al 
. T2 
- " » "à v E p 
LI Dun "s 
. i 
* " 
^ E nod 
4 « i p 
4 i 
G 2 
7 
LO 
ey 
. 


- 
+ 
: Nos 
"NT. 


0 


— : ; 
"e EZ 


III H- 


W = 


Winding Indicator 
Fusee Pinion 

For a fusee watch the winding indicator, or up-and-d 

is simply a pinion on the fusee arbor engaging a Wheel 
hand. For a fusee turning six times in thirty hours, ing; E B 
hand turning through, say, 270°, then: N M 


360? x 6 
= p71, 
2 


the ratio for the pinion and wheel. 


icator in one direction with the winding wheels and int 
ection with the great wheel or barrel. 
ywn in Fig 509 relies upon the different number 


F. The wheel F has fewer teeth than Dan 
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x 7 70 0 3 of the same diameter engaged by an epicy | . 3 | 
Té in unwinding turns wheel B to roll pinio * | 3p 200 16 20 n | 3 
i e wheel ‘individul J | n 
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(o turn 3,57 times the angle turned by 


s the watch is wound, and fall during 
id in the watches illustrated in 


Differential Gear System 


Fig 510 employs a sys 
carried on a wheel G driven by th 

t 
Shaft are the two whee ‘Is D 


‘fem of diffe Tential 
Lear 


Che 
shaft j Ru,, e ind), 


N and B, ea, He nin In is 
eeth « ngaging the wheel E on the axis ith xtra Pose], ad 
In turning e during Winding, D wil forming par traf N 
teeth of B to turn shaft | En nino. hag } aroung 4! ieg] 
motion when B is turned by A during 'e hand i ni 
> uy * r; 
equals the ratio C:D and an inte TMediat 4 nding, i verse ae 
ew 1 ran i 
between one pair to re EUR atio A 
ver vil] 4; 
F erse the Motion of . A ( De am he. 
number of turns of F. B r =| "d 
> ~ wr 
For barrel A turning four times T thirty de th, 
the ratio 3:1, shaft E w ill turn six times in 3 Gurs d tu 
required to turn 270° in thirty hours. rty hy Ours Trains Bi 
1 har in 
ane 7 
270° Tig 


eo 45° per turn of F 


360° _ 8 E 

45^ — 6 turns of F to ] turn of € | 
This can be achieved in one pair ne | 
In the * 


Pair of Whee]: 
beneath the dial. i 


al screw winding indicator 
ifferential sc 
511a D 


: 510 Differential windin g inc v MES 
: | 1 
E Differential Screw System 
a For an indicator turning through a small angle, as for | 
1 the sector of the dial in Plate V, a differentia] < W mech 
E be used. This is shown in Figs 511a and b, w de Te C is; "n cand 
f winding and turns wheel D squared on to the thread of a hilg 
1 as L turns E rises to push aside arm F which, through . - 
| GH, turns the indicator hand. Se 
As the barrel / turns in unwinding, wheel B is turne d and th rougi 
pin P, screws the nut back down the static mary thread t. rse tha 
motion of the hand. The angle of turning of arm F depends upon $ B ans indicator 
the angle of taper of the nut and the pitch of the thread fora given ere 
number of turns. Note that in Fig 511a the acting end of the arm P 
must be extended to prevent it falling beneath the extra rise of the 


| in — icator and Stop Work 
ee N | cond in Fig E combines stop work with a 
If the required angle for the indicator hand is 55° and the arm | 


turns 14^ then: 


this means the height of the mainspring can 


— i $e m of the stop 0 IO 16 ZA) ; 13 


77 = 3,57° | D rede din turned by th 


es — 


Mai [ 
amsprings and Accessories 271 


Mainsprings and Accessories 
: work, shown in Fig, 515, both for 
y strong, and the two ci mponents 
4:5 so that they lock tangentially. 
double layer. | 


The stop finger F is squared on t 
Ol O th l 
e f 
ar inp * } a jio 


advance the í S 
> the hoop > until the finger arbor F 
Ber locks on i ach ty ; P 
" ^ 
O the "ng height of the 
"ru tt : 10 


a UI. At the same tim » Pus : 
* the mainspring v a D is screwed dow tis ; 
bs cob! DE sah à l ion via link L and . n the th, 'Slotteg wi is t K succeeded all others, once it was accepted 
| wheel A tur ane C; » LI are u 5 e tangenti | » | > 
y hoop. When the finger turns around the . H. Dy i 9 nat lop i ge ant op wor ( not locking tangentially was not harmful. 3 = 22 
: : ger meets the stop fi, ring „digg at gat ava ult 9 ; jiece is squared on to the b EE E 
wound. As A turns, pin P sc unslotted sect. to n Ving) v | Gene rent x 6. The finger k TÉ) EIN | n 
3 the motion of the hand H Screws disc D dow Stor the 8 „vert Ng ve apr" fis E fitted to the barrel. The three positions of its 515 Stop work by Breguet EE 
wn the threag s is | e jl own 15 heel 5 > C and D in Fig 517 and it can be seen from ES i 
r^ ad t C ^ T Ape ste erated à line in A, locked, that the locking can cause ^ ys 
$ bol are lune otte n the star-wheel screw. The star wheel must AS 
i ige of pre sure O d in the barrel sink, as in Fig 518, so that Ed a. 
E ih’ a eft pipe for upon the screw thread. EE fees. 
E) al on a ot beat E 7 | ld ty " 8 i < A 
‘ jf ated does osition p of Fig 517 should be very close if "E 
: 4 5 lesen che fi E» d between shoulder and hollow as happens * pn 
iK ote ge 0 Be avol 4 from the finger at B after the centre line is SEA 
mine " C. The jee der must complete the half-angle of 36° of the EHE 
! p beit A the sho d position 516 Geneva stop work 2 
m 41^ ant e ` AE V 
E iN MW J to the locke Fine height of the barrel can be reduced by ees 
à 7 , - * vo 
; iet hin e to wheels separately driven to one side of the CA 
i fot ps ; stoP wo -the arrangement also adapted to operate the zu 
* : » 3 3 249 E 
E 512 Combined winding ten ana 4 guns pe 512 sho The upper wheel A 18 turned by the winding Nt. 
and stop work wr : indicator, ange? F butts upon the unnotched sector LI of z 
r adi 10 until ems time pin P, fixed in wheel A, will turn disc t 
q Stop Work be 9. At the raise arm P and indicate the spring fully wound | 
For the fusee a simple pivoted stop works x : 517 Geneva stop Worts EN l 
‘ in which the chain, wound on to the pus ee It is shown ir ; M is turned by the barrel, and thread = 
E E oce, 20 Pig 1 : s 
4 the path of the fusee steel stop finger tc das raised the bolt à E Bo . 
4 4 ei mi D O Dreva - JJ 1 1 
P For a reversed fusee the finger must cat S : x ent further rot into g run down and returns S to the 
in tension. ^: USt EACT a hook anc ~ tatione 
Mdh 5 Some fusees have a sliding finger DOK and lock with B 
which is pushed through the fusee slot Tem A as shown in Fig s B 
4 post screwed into the plate. beneath the cap, to eat J 
| 514 Fusee stop work atch g 


7 
U 


Hn —̃ — — : S} 
22 S J 


17 Ty 
UFZ DNN 
CAR 


513 Fusee stop work 


ney 


"FE Mains n sa —_— gan 
prings and Accessories d-setting button set into the 


separate han 
ET WS ly used í 
u is most commonly used for both 

bs, aan in Fig tatam C is a sliding fit on winding 

"i wÉ em gr wate ing pinion P in which 5 is free te i rotate 

I n y rist t wind ion of the arrow, clutch C turns pinion 
dir es the winding wheel W to wind the 

$- | go ^ nich osite direction spring T yields to 
eo gi Tis in A ratchet teeth of P. To set the hands, 
FLA M gi$ ride over n to the incline of L to lower C into 
Ty whe" to g bolt B — wheel H, to turn the minute 


balance, As the cone falls dui ing i 

balance. The underside oi the c REM 

( the lower limb of S. 1 he sprin S a i4 
engagement with the balane e has "cum 


ling, Ls 


| ! 
evello, 
CS i 
t 
i ; I 
5 A1 lv Into 


alance ste ^c i 
alance stop mechanism 


Winding 
The watches illustrated in this book are 
reason for this is that keyless, or stem-wo 
neat in appearance but difficult to wind. If they are general | 
are often clumsy in appearance. When the Wm j easy to win dt E. 

enough to grip easily it begins to dominate PER ius button 

7 the style of the watch. It is for this reason that ier 

the advent of the quantity-produced watch for m le 

'] to care little for aesthetics and were oti hes x 

key, the appearance of the watch degenerated into , 

keyless, dull uniformity. j z 


The key-wound watch and the automatically w M 
be designed wholly on aesthetic grounds without regard foe Tod diga CONS the day is the difference between true solar 
inclusion of a means of maintenance. A study of watches m: aa ne Á Ẹ uati )n 0: v oy : arises from the unequal daily passage 
the early seventeenth century shows that the pendant alwa a “ and mean 97 t 1 around the sun. It can be shown on 
style and elegance which echoed the beauty of the watch. E | 

The form of the keyless pendant is always decided by the " m 
button, but the increase in mass of metal draws the eve away od 
the dial. At the turn of the nineteenth century, Willis and Hood wh, 
made dials and hands respectively, were obviously aware of th 
dominance of the keyless pendant when they introduced heave 
numerals and hands to emphasize the dial. By this means the ey 
is attracted to the dial, which should be the most obvious gg 
a timekeeper. But it is far better to make the dial more prominel 
by reducing surrounding distractions so that the watch will 


greater elegance of functional purpose. 


all Wound With a |. 
und, Watches are a 


ound Watch e 


vs of the month. On a large drawing 
the cam is to be marked out to actual 
be more easily marked in groups of 


1s are curves struck from the centre 
he concentric circle L is zero. Circles 
rd Keyless Design " 
MU ic | The system of keyless winding. pt 
A T ML by Breguet in about 1820. He di 


and handsetting was introdu 
d not favour it and made oni 
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dial minutes and angular days, 
ne rack T ioin ¢ "E 
ns js tersection, and finally join smoothly 
ach in e of the cam will depend upon the 
The ele and the position and length of 
c c- [9 
method o 
ac i » 
" m the tab 1 - bi » | De ay 3 " 
fro machine is available the cam can be 
Š - r 1 £ 
IP To make a master cam, paste the 
" 


and cut out with shears. 


f plotting remains the same and 
le shown in Fig 522. 


ut to size prepare a piece of steel and 
125 mar ed E blue in the flame. Drill a hole at 
? cole É ) ` . 
vata : > x 
is te ide a ales of diameter equal to the maximum, 
e 9 a circle 


; 
y ON acre ES n radii of the cam. — 
atic dius scribe the circle for the months 


ee ! 

nient ra eriods, as in Fig 521. Pivot the steel 
i drill a small hole H in the plate at the 
w the , thes late an With dividers mark off from hole H the 


sacle the minutes and plot the cam 
tric cen pi 522. Make the plotting points with 
leave à bright spot on the blue surface of 


ll cam it will be easier to mark the circles 
ma » » E 3 : 
oll, on 4 VEM This; combined with the ten-day periods of 


veel n : iti the plotting mark to be 
gtee à ute rad aire the final position of p g 
j nd radial. 


W ill r ircle a ; 
5 mon! to the nearest A ; marked out in the lathe if a 365° circle of 
S be precis© y eel to the face plate. Fix a bracket 


«im n can Cla : 
The ca vailable: Fig 523, at the radius of the follower, and with 
» 1 , 


d in the bracket and set to the centre height of the 
in 
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524 Marking out the minutes in the 
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522 Equation chart suitable for cam computation 
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m | In this way the two-day 
for the months uracy. For the concentric 


4 4 "C 
sadi marked s or diameters which can be 
| a5) and ; h of the slide rest screw, 


pier’ i n Fig 524, and hold a sharp 
a as sho ie) ws thumb. Set the point 
vet TEN With the slide-rest screw move 
of Me Aus of the cam. Gently press the 
mum ate radius using the screw thimble 
cipes eat the process to complete the 
am e can be clearly and accurately 


BE N o™ 
S (ON 


— 
* 


VV, 
nn 


v 
EA 


Sig ye watch, complete with follower and 

~ cam, noting on paper the date and 
‘occur mark the cam at the point 
E y errors by filing and then finish 
one. Finally, harden and finish as 


0 
4 


s. The dial moves one division 
nly of leap year, the variable 


jd 


winding and carries a pinion 
arrangement is shown in 
Ye E of the winding indicator 
1. For leap year the calendar 
e 29th day. The ratio for the 


turn of the cam wheel. 


525 Simple system for the Equation of Time 


S Wer re between 


j 5 Suppor 
ee ment simplified 1 AAM "i 
on 


E. E" the ends of the spacing pillars 
os eady pins or screws Were Needed. Thi 
8 Continental, commercial-grade watcher 

; es 
century. Some English makers continued 
first quarter of the twentieth century, 
watches were made increasingly to 
E all the components are Separately 
cks secured and located with screws 
wheel also is supported by a cock 
is no longer the highest component in 
ment could be made thinner and asa 
ure of thin watches. 
the thickness of their movements by 
plate to make room for the balance 
t O the front plate. When the fourth 
late the calliper was called a three- 
n a separate cock the calliper was 
er Bur than the plated movement 
n be seen. Also the multiplicity of 


ate te fastidious application and love of 

| th > nineteenth century the Swiss 
med | with the appearance of their 
ally y case that when a watchmaker 
an ce he will divert attention by 
ne pre V illiper lends itself admirably to 


1:2:17:799)032018 20:14 


s makers continue to apply a 
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Ihe English makers also Wo} 
not make any obvious effort to 
of polished wheels ane 


ked tO a Very hi | 
& Y 4 
he cu. "an 
Stamer 
mponents. y 
l-finished Wal ten 
| Bentlemen. ‘ 4 hes 
interested in wheels o polish whic m the 
trade, something which no 
to recognize. 


intrigue | 
| | ; 1 Sparkling co 
point in doing so. English han. 
and bought only by TI 

- ley 
h were 


Mere] , 
Bentleman we 


uld Wai 
By the end of the nineteenth century 
watchmaking, achieved during a Kuna. 
development of English inventions, 
Swiss had learned to utilize these 
order to produce cheaper watches with ec ual] 
The English formula for a high-grade 95 5 
and chain, a heavy balance Wheel and " cn 
preferably a multitude of termin and ~*~ Sprij 
n taught that "Bulatan" vith 
rred a MOveme : 
al Spring with Hem 


ed to Suc] 


Ole 
lato, 8 
With pa: 
“Suet | ony 


erm; 

: Y Sule inaj 

exceeded the best “Bnd 
> best , 


develop 
that by the 1920s their performance 


English watches. 


It would be a simple matter to copy the deg; 
" "] E 


n 3 za Ph and + 
of the Swiss watch. But the aspiring watchm ikers] ind Proportig 

: : AN. K ‘ CACI Sh Ni 
to give some individual personality to his worl epe "nd, walt 
2 e - ME K. This + 1r 
important because a high-grade, factory-made Wa “specially 


4 ^ teh can 3 
for a small fraction of the cost of a hand-made W ich. 1 ough 
° . š - SANAT A rch > 5 
hand-made articles are willing to pay for the een \. Buyers E 
“7 - . p 2 d 5 -OST ¢ | W ; 
only if the article is necessary to their comfort, T Offer 1 Produeg 
j d Pe ers 


* * ^ar eur 
to a subject of interest. new 


'Spegi 

It is not an easy thing to design a watch that has Novelty 
as improved performance. Both aspects are important MN Well 
while the watch may reflect the Individuality of its mal er 1 
be incomplete if it cannot perform its basic function * it will 
any before it. If it can do better it will add to the — 1 a8 
mechanical, portable timekeeper and give both maker ind b d 
greater satisfaction. wer 
Not every maker will need or wantto sell his work, The professigiil 
will, and as a consequence he will have the sometimes unv m-— 
and often biased views of his customer on the performance a his 
watch. But he will be the more fortunate for he will have th. benefit 
of knowing where to make improvements that otherwi, might 


not occur to him. He should, however, beware of idios, nerds 
and make allowances for errors of judgement that are sometimes 
included in the buyer’s opinions. 


It is inevitable that each succeeding watch made to the same“ 
design will be a little different. There is always something new thal 
can be tried and which may effect an improvement. The long-term] 
results cannot always be predicted and provision should be madeg 


for the possible necessity of reverting to a proven method, 
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We of the movement do not forgot i 
ja They should appear on the dial 
P t the same time present 
e is limited the most 


hat the 
SO that 


heel or 
ropriat Bo ^w | on the plate 
and the best positions and diameters. Small 
un the wheels can be marked in witli 
ion "e basic layout can be arranged with d 
.certaininB the detail dimensic ns at the d rawin 
\\ MS f p for 1 d with the arrangement for the train 
parât! gatisfiec m adequate space left clear for sc rews and 


[4 
5 
are | 


preps o of the diameter of the movement and lightly 


i 19 , for the wheels, pinions and bridges as a 
a pra? and lines isfactory. The position of the 

eee ens boston ot the wheels 

eF he the (inal jJ] be the cardinal points in the design, and / Js 92 

y that e hands E sitions can be drilled 0.5 mm diameter and 43 T AM SN 
inb pot ther fed from them. When the wheels and pinions ( A een | 
me aepth® gen t depths found, the plate can be firmly scribed Be) | J 
ying nd po positions of the remaining wheels, as in Q R Ja a 
nates grilled for mark out the positions of the components E i 


rse 

poles 4 the ihe circles, sectors and signature zones that will ER Mises tec ewe 

ae , dial je as in Fig 526b. Figs 526a and b show plates for x io: 
| jal, 


y um on the d A illustrated in Plate V. If more than one watch is 


nes of th e can be used as a drilling template for the wheel iE 
d holes. Keep a record of the wheel and pinion JJ JF 
equi! nd screw for future reference. / { 


a | rs 
depths W and numbe ble to know exactly what dimension a 


rS si i 
hun ot ce tl and this must be discovered by trial. Its 
It” ent snow 


gponeP P. ction will be known, as will also the position of the / 
(o for its eon remainder must be arrived at by experience. E. i | | AN 
1 surface sketch of the component and note the dimensions Wty O m 
"oye "icri odifications that can be included. It may be some \ 
mod 


qnd any E similar piece is required and the information will 


e the work. À ] 
ify 75 necessary to set up a machine to produce a component s Movement — 
nit is n. 


ni tra pieces for possible use. The time taken to machine dial side 
aue several E often a fraction of the time needed to set up the 
component 18 ially so with pinions which are tedious and 
ke individually. Often, a stock pinion can be used by 


all alteration to the design of its wheel without in any 


pu affecting the appearance of the movement. 
eae 3 
Edi course of planning the layout of the components, 


! ein oF their elevation. Unnecessary 
‘sideration should also be given to | 
ctn components will make the watch thicker than it 
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need be. An example of this is a seen. a 
i 13 EI 
188 
l urre]l In 
it can | 
im h pro © Í T à 8 i ` 1 
b produces a thinner watch, The thi en thai "4 In p, \ Whi 
components and their Necessary ri . knes; ( le ar) iR W 
i A . : SSi MNing i " 
influence the final height of the mox NS cleara he Re t 
V mites voe 'ementr yp 88 wi, er 
the practical minimum consistent qv; SEI Thesa — Wil oL Dy 
reliability. Vith the reg d 
à » l 


the centre wheel is below the! 
e 
same component dimensions 


528 Dial template 


527a C $ 
Ja entre wh Y 
ee] belo y 
W barre] 


r times actual size and put ina centre line. 


„eels 
ig me Wa de centre, seconds and Sector holes taken 
| rape é ene e location by drawing in the circles for the 
OF} the E... Che 
527b Centre wheel EL. n hon ne ig ie gto ple ratios and by inspection mark on the 
arre] » ates , list of $ venient pitch diameters for the wheels and 
PT ar most ee of 0.25 mm greater radius than the dial 
| | wins . pig 5 a eter of the movement, and an inner circle of 
| Detail Design of a Tourbillon Movem Er | ini” qne full pau than the dial indicates the inner edge of 
| The watch illustrated in Plate III is some 6 E 0 dicate? maller radius inside this inner circle is available for the 
| : a movement of 58 mm diameter. It IM TAR 5 in diameter f : j io ad. E oue ratio is 8:1 and this must be fitted into 
taneously and a tourbillon carria ge with serine f Ply Wound » W | m case The barrel to E e. The teeth may touch the case circle but 
With two barrels the extra power required to 885 eteni esca Pemai 1 wheels of the 5 allowance must be made for the addendum 
the carriage can be obtained without increasino . come the inertia one side entre line an ter for this watch is 24.9 mm full diameter 
Increased power from one spring would Men Stress, E LN th. Ihe Dn si The second barrel can be drawn in at 
pressure to the centre pinion leaves and oan apply increased af the pn from the drawing. 
the pressure on the leaves will actually be req 18 5 AM m Springs TM diameter: th wheel is fixed by the drilling tor the 
upon a different leaf and the sprin gs will be T x en acts put. | of o E. the pivot for the carriage, and the fourth 
spring. The force from the barrel teeth is a pplied a 7 a, “ a ‘ingle i ES i a 9 plate concentrically beneath. The diameter 
of the pinion and so its pivots are relieved of b i: EE | so" will be fixed E influenced by the design of the carriage which 
consequent reduction in friction. Pressure dag Nu wheelis! 


has in tk +5 mm full diameter. This circle can be drawn centred 
nai 7 the carriage pivot. The escape-wheel potence jewel 
atthe gar inm diameter and its outer edge is 7.3 mm radius. 


| ofthe pony i fixed the diameter of the fourth wheel at a 


Dial Layout 


The general arrangement of the barrels and carriage 


: " altows P 
maximum diameters for each. The precise positions vs the 


| j Sed byt cT tween the centre wheel and the jewel 
reference to the dial which must be marked out with great ac " | " ving rol E BEN ca) nt a radius of zb e 
TE fi à E will later be used as a drilling template fos an eee Draw this circle, which will be found 
movement an - from the centre of the ca 


ii, en | ^ «m full diameter. The chosen ratio between the centre 
The final positions are shown in Fig 528 with the diameters for the 21.3 mm full aga eter. Th 


D E uon is 8:1 and so the diameter of the pinion can 


minutes and seconds adjusted to fill the available space but without wheel and third | 0 between centre and fourth wheels must be 
obscuring any divisions. If an up and down sector is to be used if Dr id. The ratio n diameter of 195 mm 
Ul | 


must be marked and the centre for its pivot located. With the centre 
seconds and sector holes drilled 0.5 mm diameter the positions for will 


clearance between the escape-wheel potence 
these components can be found. f 
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li when the 
' wheels and i | te 
diffe) slig i : Pinions i : ; 
will b ightly from the drawing thi; e made, the; ente into T" cess: ! 
l e resolved in the final pi b it Will not Matt : Ina | | IM | ide * rry the lower « arriage pivot jewel hole, Th 
\ { F I» siti í ( [ NT alm . ^ ‘ i i 
vhich will, in any case, need to | MIB OF the bar, | ‘The g "amos (o pr fe pe av n 110 C4. cover plate will also fit into the dial-sid 
$ 1 : ` 1 D d. t d 2 " ; oie 
‘ 7755 wheel to seconcds-pix Std pitch. d V tth a ang t Mey wal 00 ne rence | t E nom for the motion work. The eley [HU 
adyustmer SE A distance ‘rg, Me 90 pls ate : DS i 3 
ent to the thir O Can bem lint dept | NT i tit Ane" , adedu? ug 531 as a guide to the dimensions and 
"neg | ( 5% mm diameter, 
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Hon T" avc il 
jn 11e? wn “vement o 
k “4 o eme 
if^ an? se a or à mov 


i 
» rit 
( AER | \ 43 0.75 41 jJ ; 
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e 5 F E L E rann Ne \ 
Fr — . CLL corm 1 HOR OLTITA ^ 
E En 311 ài goo 
5 Xr er | i TEITT Epee TL" r * 
4 — 09 06 : i 35 
i j uy 9 ` 
VB 4 mm diameter 
7 | Z setting arbor ne mm diameter 
WY 15 (of nand 0.3 mm diameter 
"og vos 9.14 mm diameter" 
p 0.10 mm diameter 


s for a tourbillon watch 


jage TM > f E : 
e Cart carriage can be found from the drawing 
ning c. able for the v 


gan Ja 8 ment in Fig 529. |t is enean on the seconds 
| Thé sP jan of the Draw the circle for the carriage to allow clearance 
d 529 Wheel plan for a tourbillon 3 RO = ol D T rel is of the case. The Buoneter ehe 
; famiy 530 Under-dial wheet 4 pi"? inner ed d in Fi 531. This allows 4.2 mm to be available 
: tourbillon v S P anfora abe ca be foun ing bridge is not to exceed the height of the 
ar Winding Wheels ed scd 
The diameter of the winding wheels ca; P bridge of the carriage is inseparable * gen oi the 
4 ina drawing of the dial side of the plate, as i be found ang incl The design E osition of the escape n N the carriage is 
; of 15.7 mm is determined by the pi iin Fig 530. 7 heir dj me oven radial $ ace available n pe p — — 
3 bearing in the barrel bridge. Note, Ex ai the Winding 3 ter ^ ad oHm would be available if the escape potence were 
| wheels ben e | i | diameter, tha 1 wheel 0 “tate above the centre wheel. This is the conventional 
| ea a matter of 12 RN à P endum, but th o sow to + with the centre wheel at the centre of the movement. 
Nt to be fitted the position for the barrel wher , 5 05 and down won i angee contre wheel to engage eee has, tor RUE extra 
the barrel diameter. The ratio will need to 128 e determined fram Movin allowed sufficient room to lower the carriage by the 
iin this exam an n 15 50 be ause space ` gare in a die centre wheel plus the necessary running clearance. 
be brought closer to the pivot point in the di 1 $: mechanisms | pices Te diameter he fixed fourth panel Bab sek the 
? dial to reduce | e Allowing ^^ centre wheel at a maximum 21.3 mm full diameter. 


of the linkage. eng 
diametë 


ihe distance from the edge of the centre wheel to the 
asure 


ot centre scribe a circle with radius of 


Elevations p e pivot. From the piv 
Inevitably a tourbillon watch, with one-minute period of rotati pei distance less 0.95 mm. The 0.95 mm represents half 
will be thicker than a conventional watch. This is — | the pan of the potence jewel setting plus 0.2 mm clearance 
andi centre wheels M n i: | A the setting and the centre wheel, as in Fig 532, radius B. 
centre wheel must be under the carriage and as a "- hei 1 This is the centre distance for the escape pinion and fixed fourth 
| ELM cents wheel. The effect of this ene wheel. The diameters of the wheel and pinion can be found from 
shown in Fig 527a where the space beneath the barrel i anm be | {his measurement. Draw in the full diameter of the fixed fourth 
] outline of the foot of the escape-wheel potence. 


used. The carriage height above the centre wheel is determined bya 
the upper, third-wheel cock which must allow sufficient clearance 
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ete 
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Dic » 

* : for the centre wheel to engage the pinion secur "e | 

Nee) be recessed into the plate and supported ely. The third wheel 
rh, depth of the dial-side recess. ec in a potence within the 
lal) This po can also carry the lower carriage pivot jewel hole. The 

e 


winding p E their cover plate will also fit into the dial- 
aa eave a equate room for the motion work. The 3 oe 
of the train " shown in Fig 531 as a guide to the Pisces e 
clearances suitable for a movement of 58 mm diameter s an 
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2 Lom 
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l 6.1 
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— | aS T wp e e 
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0.4 


0.5 1.5 
hollow centre -- for handsetting arbor 1.4 mm diameter 
0.3 mm diameter 


—À | 

0.3 mm diameter 
cape hee pivots 0.14 mm diameter 
0.10 mm diameter 


531 Elevation dimensions for a tourbillon watch 


be found from the drawing, 
t is centred on the seconds 
to allow clearance 


f l 2 
EN | "s E ing the Carriage 
à E available for the carriage can 
lan of the movement in Fig 529.1 
el hole. Draw the circle for the carriage 
ser edge of the case. The diameter available is 25.5 mm. The 
to be available 


id in Fig 531. This allows 4.2 mm : 
t to exceed the height W701 12016 20:15 


ng bridge is no 


arable from the design of the 
heel in the carriage is 
edge of the centre 


= s 4 
AES a 
rY 
Au LS 


N r4 * 2 
'4 J I 


P» e a 
- i 
uH ! d 
d an 


N. ge is insep 
f the cape wW 
itin at tha outer 


* ee e — T a A : "uc DM wee SOUT N the 
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Finally recess the surface to a 


in thickness 


* 
Radius R is 


also the Ce " i " : 
ntre ai TL «ag 538. n i e drilling disc, La: 
he ese apement i: © distance Of the dis in yw cept the plat and thé ‘ " € / 
PRIM, a matter of px ESCA De ht " 9 to ACS ! he ring and drill through the holes 
"^pements are found under "Sonal Profe MIT l An co m 7c ras within e TI holes will be r 
overall dimensi der the appr STEN Ce ‘hy „ OL ng zlate ands pivot. The holes will be more 
mensions of the ¢ rri PPropriat h (D Man. W^ tt ite the Y ew geconds i t with the flat surface of tk 
remainder of t "lage ang eadi ip Q th aP ave ra z contact with th at SUPT X the 
e dimensio d its ns Ns QU. Tm" WO po tas da in 
Mies : SIONS are, à ty 53.) O lOr ue 3 WT : aise 1 Ai side of the disc must be 
Ihe dimensions und x. * à matter for j Arte Ney " fis c ant qif d error the dial si 
illustrated * Proportions ot Ndivig oyyn al he e ©) ate id any ; in Fig 534, so that any later holes 
ated may Serve as a eui | the Va | ( l th | 1 100 tty avO f slate, as 1 "| ow \j 1e. Stone t | 
strong but lightly const ted ice to the del es: * (0r git), te E € watch Y rrect side of the centre line. stone both 
i ow ructe - a E n NT QU. G je na COrrec* > | annlie "de 
cted Carriage, requi h | Meny e eh P m on ! m their ce ith water-of-Ayre stone applied under 
Vawinns © enz 3 we TOM : jed ad ooth Ww 533 Preparing the plate in the lathe 
La e Support Of ; "1s , 4l te sn i 
Ihe s + fe $ i ' 
irc] Pay TONA carnage may þe | | 
circle a, as shown in Fico Sas p- „„ ~a bridge 
zlate. T] OD ie i Fig 532, for the diam eee e: ) 
r ate. le fixing for the support will | eter of the c Ibe 4 
^r TO ^ » . 568 ` 
ridge draw a line across the circle e Outsid t e le 
Ki 


51 ^ ^ ^ ^ 
pillars, c and ct. A cock may be 


— drilling plate 
dial side 


ER watch plate 


dial side 


| 

mm 
EN 9 
e. 
A | n-———L 
| 1 7 7 
TE * a "mu i 
F —— 
x l 532 Planning the carriage space 
R 
i 
T Making the Frame illing the plate holes through the dial template 
k Preparing the Plate 534 Dri 
* Turn a stress-relieved brass disc to the diameter and nest ight line on both sides to bisect the drilled holes p 
í required for the watch plate. The tourbillon illustrated in Plate IV has Scribe a lig F the plate, as in Fig 535. With a compass or ruler tinc 
H ; = : ~ e x , = ^n N] 
| a plate 58 mm diameter and 3.6 mm thick. The dial side is recessed | the ht late on the line and make a very small centre with 
l | 2 mm to receive the motion work and winding wheels, as shownin 999 Mere ds m will be useful for scribing concentric radii to 
B Fig 531. | gap p d steady pins. 
E í ; hickness and “anveniantaln " locate screws an 
h Start with a plate of 5 mm thickness and any convenient diameter e C 
A Turn the face clean and reduce the visible diameter to 58 mm and to ^o the Barrels 

| a depth of 4 mm. Remove from the chuck and true the jaws to receive P depthing tool find the centre distance for the barrel to 
i 58 mm diameter. Brush jaws and plate clean of dust and swarl, Grip With the depthin A, as shown in Fig 535, from the 


centre pinion. Scribe the arc 


f the disc by the turned edge and clean away the unwanted metal | : : 0/01 1201 5 200 £ Í 5 
1 s B 
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centre of plate 3 
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ssary with a fibre or 


wan true if nece 


he "HE i with a half- 
p TU a to the required gh oy bn E 
E TTE qat um che sint shown in Fig, 536a. Remove : $ 955 E 
: jet. 4 pe ^er. CU. a ock, 8°" | rmfering cutter. Thread the plate lc 2 
ES. ' 8 : s K t me ailst : cham © : gt pon fs H 
E 7 | = le | ec, pa the z tes with a 7 tightly to the watch plate with vie 7 IE RU. d 
Wo "d * | » Je | 0 „gen uer" ih pla ridge p sff the steady pin holes, P, with 3 a 
E J v M > yo" j cu t poll (ne br 35 mark C 5 to a depth of 2 mm / e 
E / T7 Jm. from ure n Fi . through the plate to a cep : E 
M / "ape nd P. pow? o 95 mm D 
E. 90° | les. rill © SEN 
try 4 *. 5 s ani —ͤ— ' ws 35 p jate: * e A 
- 8 j \ — — afl ; m ige P P i^ r n 
NAE E APIS 16 EC 
> at 
ii A | ~ re el pl 
= og t | X | M " M uu 
Ec Sp Liu E j: : 536a Screw-head sinking cutter * 
w | Bee 
2 m 
E IE i 
o la), | 1 Ey: ( 
| E S» 1 —— 1 a 
EJ : | | f : AME wer 
d £ 1 | t en the tailstock in the toolmaker's lathe 5 
i 535 Scribing sy ^ 5 3 6 Centrinß pis 
i t o Symmetrical radii for *CTeWS and sta- j 2 h holes in both plates pih the vae | 
centre-wh i Lady pins e ridge holes 
compass is es s isa d either side of the c ë the edges 9 à wire to fit tightly into the bent f 
| dist iN 1e full radius of the barre] plus ¿ © centre 1 Cesn 1 mm bras Ai eshould be pue purus eem ; 
j "ed ies and at right angles to the centre lin tra 0.5 mm M „ttet FI pressure. he hole. Tip gee ener over the enc 0° Pe 
: arre siti e Ime ^ š -Å - E : i : 
| position on arc A. Set the compass ne ma ke a mark E At thi C ih alig" éf ered tot d help it start in the hole. Push the end 
| A and scribe the intersect; Pass to the dist- tor th i when o an d enter to a depth of about 
These li ersecung arcs E amd B for the c E pe” move ay Sie twist. It should en PY 
bx s ines should be lightly scribed if they r the barrel posit are wife [o ule with a 5 8 lv in the hole. Cut through with sharp end 537 End-finishing tool for pins 
etter to n TEE -y are to be era 2 oe e i 
pU cu dy ake one a little deeper to help to lo 5 be eraseg later Jt into Mand femal some 3mm long. Tap fully home and with a 
p. rossing. locate the exact " 075 leaving the pin ch. Finish the end with a rounding cutter, 
-entre i : : 
ind the centre by drawing a sharp point alon t] utter ae 1.6m leng otating in the fingers, as in Fig 538. 
i lig the 


until the point clicks into 


| ing and r i : : 
shallower ling fle". g 537 py gyrating fer to avoid distortion of the surface 


the deeper line. Rais i 
. > aise th e pi T a à 4 " 3 am 
m. ar Fach, down. Examine the mark ; m epe E to vertical P A epin setin a deep ch 

rrectly placed. Deepen the „„.. 5 Hy M 9 2 ! ith a smooth broach 

lines i8 mm dibmctz pen the mark with a chamfer E 5» af the me h the plate hole by easing Ww! til th 
r. and dpi gir the pin o oil. Smooth the hole from both sides un il the 

: : cated with thin "A a light pressure between thumb and finger. 

Making the Barrel Bridge jubri fully with a ight P he bridge t 
Prepare a piece of D ; pin wil qu -of the pins in the same way. Secure the bridge to 
P of brass uniformly 6.4mm thick and sufficiently rit the remainder * cows, Drill through the barrel and centre-wheel 


large to grip under the clamps of the mandrel plat 
diameter would be ideal and the outer edge wc 
* * 0 
finished edge of the bridge. 
Mark the position for the screw holes in the watch plate ata E 
suitable radius struck from the centre of the plate. As shown in d 
Fig 535, cross the arc with further arc S struck from the centre line | 
and drill the screw holes. Clamp the bridge plate concentrically 5 
to the watch plate. Its position can be found closely enough with 
a ruler at the edge. Drill through the screw holes into the bridges 
using the same size drill. Open the holes in the bridge to accept theg 
screw threads. Counterbore to receive the heads by locating the hole 
with the tailstock centre, as in Fig 536. Slowly rotate the mandrel 


to a depth ot about 1 mm. Remove the bridge 
ir gs as centres, scribe circles 0.5 mm larger m 


| usin sped | > wheel. 
‘the barrels and centre w 
si g ndrel by one of the barrel holes using the 


verify the centring by observing the concentricity 
circle relative to the tip of the cutter in the slide rest. 
for the barrel to the diameter of the scribed circle 


e. A disc 56 mm 


uld then be the 


rs. The measurements must be individually taken oe 0. 
Make the first cut from the centre up to the circle for s38 Action of tool for rounding pin 
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OCPOSS tl 
Sta "o E " è Ic 0 m : 
her tS reached 90 neter ty fin ful )] 
eded after the n; centre hole Ish at the no | d bu M 
cut to a de Piece is ce will h IN "entr IT "ke 
CERUA epth of 0.05 centred re d sap n Cong Hm 
š re, Note MO mn b ady to Peay ! Tey) hy 
for ] ( the de tl ut Sto 3 : l (Urn Ux h Ofa le 
Or the second ba “Pri Measurem P ata radiu, . Take s thig 
& entre to the d 5 rel inc Make E nt foi this Is Of | I l ini ) Noy 
tor tl ^n 1 of t I T Cult ^ J nm Bm 
le cent " 1c tin | hal Ce h 
re whos al cu Cut 1 Pea ün B 
bottom of all 190 heel fan now b sin the l'irst Nl to 1. y thy bra the 
E Wee rer t a i 
As shown i isis re cesses will l urned to t 1 ; | reces p on a 
3 c $ 
dashed lin : P I 18 539 the pl s to the san b irre d >, lh he the 
e A atc ed pt! 00 
holes f to à mor ean 1 "ept] NS 
es for the Ore conven; low | ng 
bee barr a] . VW enient . Je Cur th 
are left t els and centr Size p at ay e 
o suppor entre w] ready f ay E 
A Ort T lee Yf Je 
to follow port the bridge duri l. Note that A drill low | 
: a unne the tril] at the A Ing th he 
drilli; are 3: 
Wa above 
nd b Ov p 
< oring that 
are 


N 
| 
f A / 
| j 9 à \ , 
| p N 5 — ETT 
BAO ‘ SS RM 
540 par et oie for boring the bridge 
holes concentric: 
1 Centre with wobble stick 


2 Enlarge the hole to receive 


the boring cutter 
3 Bore hole almost to size 


4 Fit bridge 
5 Make centre chamfer 


6 Drill hole 
7 Bore hole almost to size 


539 Preparing the barrel brid ge 


Put the front Í 
plate in the mandrel ar 
id centre on a bz 

Ensure that the clamping dogs will not re: hole, 
quite true using the wobble stick. O | ‘e bridge. Conia 
tool in the slide rest. B Open the hole to receive the borings 
st. Bore the hole almost to the size of the b 11 | 
: e barrel. 


hick to a size convenient to fit to the 
up to the inside edge of 
two steady pins. On the 
f the third-wheel drilling. 


ne edge to fit close 
th a screw and 
or the position o 


arbor pivot. 
Fit the bridge 
EL na. ia and make a centre mark with the tailstock runner Ag ; : 
o accept the boring tool and bore the hole almost y There are tw the position. First find the correct depth 
4 the centre whee! ird pinion and, as shown in Fig 535, mark 
"inm the centre wheel. Next depth the third wheel with the 


fit the top barrel arbor pivot. Fig 540 shows the full seque f 
operations. R t th bor anal 

ns. epea the process for the second barrel arbor and the 
centre pinion. Finally scribe the outline for the shape of the bridge 
with reference points struck with the compass from the pivot holes 


as in Fig 539. 


he arc b. At the intersection of the arcs 
0.6 mm through the two plates. The 
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and 
nit: 
ust be sup] 
Ortod 
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(Q drill 


Press 
uro 
e ofj th 


Re 
MON e tl 
A 1 
FECeSsec fo Ü plate and Prey 
axi TRS : On T Vl 
me engagem aka Wheel . leac y y ep 
sur inii ent an n1 M 
tace ot t Of the vi i d carri I 1 Icd Ion -y 1 D 
po le w PINTO} age pi Serj My à 
t teng e plat atc h Plate the third Pinion X Ibe o; er 
the car ate, Make th While lig d Whee] : To ed telog 1 
m lage pi © recy t Pini Will bm Io P" » 
18 541 CI mon 0.9 my 55 for th on wi | be fya 93 the 55 
-Chee n wi e thi IN ~ 
recess wh à that the bs D ith the pl Mud wl | T h With o pi 1 
en the i ACK of ate fj er 4 t 
cutting point the tool q itted to t] mmn intg gli 
M i Oo \ 
Sal the c 5 not fo) n and, T. 
` ; ( 
edge 'S in 
5 of t} —— Ec 
In 2 — E a: 


. for boring, the third- 


3 | — 
| e 542 Sequence 
— wheel holes concentric: 

| Centre with wobble stick 
2 Enlarge third-wheel drilling 

ve boring, tool 

e to diameter of 

ion plus 0.5 mm 

r ence hole to 


to recel 
8 ^ Bore hol 
4 third pin 
- A) 4 Enlarge pot 
receive boring, tool 
mm smaller 


i Fe 
mio. ioa" 
J 2 


5 Bore hole to Q.Y 
than jewel hole 
6 Broach to fit jewel hole 
7 Fit cock and enlarge hole to 
receive boring, ne: 
& Bore hole to 0.1 mm smaller 
than jewel hole 


541 Recessing the 


third wheel and 


-arriao 
x 8 T3 ^ 
S Pinio 
n pl 
Mate 
9 


Mak 
F cock from br 
at B. 1 0 8 uu. to the plate M 0 plate 0.75 m 5 
S 1 A nm thin 
F loning the steady pins i ew and (€ thick, Ag 
iege. E plate to open the third p; > DE Sure to les steady pini 7 9 Broach to fit jewel hole 
or the pinion. Dri Pinion hole to + Cave suff c 
0.6 mm drill. R ill through t the res 
N n ecess the steadv-pi i 1e third-whee ; Tuireg fing 
ote that in Fig 539 tl y-pin side 1 mm ¢ cel hole «il 
for recessing and tl 955 cock is left long eno m for the third ee 
7 ud aat its edge position 1 Ugh to fit to - 
Put ded potence of the carriage nust not ti uch th mandrel 5 
ut the watch plate in tl | e Circle for 
the thickness of the thi 1e mandrel and recess the 4; | 
clearance. Fit the 1 5 Wheel, which is m ne dial side to > | 
ce ae as 1 plus E - 
Centre on the third-wheel h bw reverse the plate on pi 0.15 ma ie carriage pini n collar. Through the hole enlarge the lower 
ee genie Gale to the PU and make quite true with mandig E g aep à; le in the third-wheel potence to take the boring 
e m Es of the third pinion pli P i vog E At re the hole almost to the diameter of the jewel. Finish to size 
n on -- MEMO 90.10 " | ; 
potence to accept the boring cutt 1 0 hole open the hole m p fab jewel broach. l 
the jewel and finish with the j er. Bore the hole almost to siz e i E ess the surface of the plate to the locating diameter of the fixed 
the process which will 5 0 abe broach. Fit the cock a ~ J [ n and to a de of 0.4 mm. Increase the radius of the cutter 
ex T AN COCK and rep heet a | 
sequence is usn im Fig 542 act alignment of the holes. Thema and tw nthe recess for the escape-wheel potence to the depth of the 
E - genre wheel recess. As shown in Fig 543, shifting the radius of the 
a — qutter will leave a circular wall, A, for locating, the fixed wheel. 
Remove from the mandrel and drill and tap the holes for the 
m diameter. Note that the metal is thinner 


Locating the Fixed Wheel 
Re-centre the plate on the man 
wobble stick and make quite true. 


drel at the carriage hole. Use hel 
Enlarge the hole and bore oi 


ung screws 0.7 mm 
ird-wheel recess on the dial side of the plate. Fix the 
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544 Finished and jeweled plate 
D 
— 


5 ‘ 
543 Location of fourth wh | 
ee 


jewels to the potence and cock and finally 

inverted in Fig 544. y 
Note that the jewels are fitted before the s] 

is because the jewels are a force fit in the br E `U 

at one edge the material may stretch and Bui 15 95 if the caai 

fitting before shaping, the brass is equally 8 5 Jewel off b 

» ressed On re B 


all Sides! 


Cut to 
Sha 
c pe à 
as 


pes a re c 


Supporting the Carriage 
The Pillars 
The carriage may be supported by a bridge or a o 
are illustrated in Plates III and IV. The bridge en ck. Both me 
in steel and threaded into the plate. The height "oH Pillars ; lods 
= CAGAL of the bride, ag 


25 > S 2 : o] bridee. T ; 
6.25 mm, the same as the barrel bridge. The ends Sho Be wilg 
deep enough to accept the screw heads. Should y, ma 1 
Turn the pillas by the method shown in p; E 
"IE 568. Gu; 


dimensions are shown in Fig 545. Drill and tap the "JMabje 
plate, as shown in Fig 539, at the intersection of line ae holes in the 
: - : c UT 
struck outside the circle for the full diameter of th i 
" . z c Cc "(riz Er ^" 
a full seating for the pillar flanges by observing th Ms Ensure 
S “Ne seating 


the plate. Mark one pillar and its hole to avoid interc] ; Marks gg 
AQA interchan 


ging. 


545 Dimensions for a tourbillon carriage bridge and pillars 


à silii | Bor "EI 
ista pce of the E ^ "che 19 "de teel plate 1.5 i 
n vp o uw mandrel plate í P 
an nitet e the 


holes undersize and open one | 
TON 
te to correspond with the m wt 


y the 


ine 


Dt the 


the second smaller hole. 1f it i ed pilar 
. 15 COrrectly 


ar it can be opened to fit. 1 aR 

fore opening to fit the collar. is. 

eic the mandrel and centre on the 

le stick and make quite true. Pit ere deis 

s. Make a centre with the tailste iip 
an 


crew». 
Bieto accept the boring tool and bore the hol 
= Ole 


sary 


idge mars and clamp to the mandrel plate. Turn a 
Pa 0.5 mm deep extending, up to the pillar seat 
centre to a radius equal to the balance 

It is convenient if this work can 3 

e 


9 5 el so that the watch plate is not disturbed 
finished 
E of the 
cut 
traight gr 


final shape of the bridge on the upper 
out and file to shape, leaving all 8 
ain. File the top of the arms so that ee 
mm to leave flat surrounds to the holes 
s and chamfer the holes with a TA 


346 Form. 


It he carriage gde 


Vani ages pe ene fla 
jd' 
n, 
He pridge Beneath to harden in oil. Temper to a blue 
nits ih iron-Wire derside, screw sinks and edges wi 
no gee Ehe UU. Ich wi eas 
ul nd € d iron olishers. Finish with wood and oilstone 
e paste an chamfers with diamantine on hard brass 
olet polish the finishing of the upper surfaces of the flats 
we T f the arms can be left until the movement is 


V 

" meted pon to fit the centre hole and bevel the edge adjacent 

| Turn a bone. Return the bridge to the pillars and secure with 
o the cha 4 ris bouchon upright, with the lower hole almost to the 

„gews, POTE ne jewel. Finish with the jewel broach. With a round 

1 jn er the corner of the bouchon and polish with wood and 
bool. a | | 

- giamantine 


ck e b used this must be cut from the shape illustrated in 
cis to 3 | centre line and drill the hole for the fixing screw. 
547. CP" plate and drill the steady pin holes to 0.7 mm diameter. 
wire tempered to a grey colour. 
for the bridge hole. Cut out and finish ready tor 
ie for the bridge cock and leave 


Len He U 


547 Form of the carriage cock 
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H ; fourbillon is shown in Vip 553 whe 
: i pillo of the Ted F here 
| I it the bouchon andi bore upright to the bou ees [orn à the fourth pinion and rotates within (ha 
— the jewel broach and fit the Jewel. A suit; CIR Um hole l ji p t ted ol de pinion engages the fourth whoa 
| * E " 1 [L| Si " | n ^ K N IL -ATE = n escap ere l 
— A 2 mnm diameter with a 0.3 mm diameter "- LOK Jew] ; Mis Y y oe » is ce el e is rotated by the third wheel eng rir 
— +f e, \ V W ia ee lage 1 i dii ohid =. 
į Un] TW. i arri Eh dl e carria , kN the arrangement used by Breguet "bd 
Y The Fixed Wheel "Of tle” ant miis We Spring detent e: ; 
| 4 aa dane Bm ee : Arnold's spring detent escapement wit 
_ Jj Ihe fixed wheel can be turned from bar of | (p^ orate" cgo used in per hour. Si 
min Fi ~*~. OF brass. ok Eon, Ames f : 
l + ] the form shown in Fig 548 and cut the teeth b 4 188. burn i T pill? g, 000 E. Carriage will be released and Yo. ked 
mns f dashed line. By this means the teeth will be quite e arting " Tm jV at ead „ment ue which is 150 times a minute mm 
= ine | TS : ite B 11 al a HALAT, à : ; e 
| locating base. Finally place in the step chuck ©ONcent,: i i uf eg „ arf" ce the balance riage will start and stop 300 times 
, i ; fourt heel and le yy lo n 15 [2] he ear o imes a 
San MAr hining the Fourth whei and make the through hole for th AP NEC 10 tury Wi a5 ad yor ged tne à e | tk E de] t : : 
from a brass bar di € dn * carriage pinio Out th, UTI p yith prey ate um. syease directly as the weight of the carriage 
It the wheel is to be cut from a disc this , in | Was in ie SON ' ch Y ene. 3t gyration. Obviously a small, u A 
7 urn ded j Ji RAN , an De held ; ig 849 58 ene AP prt? radius OF B. ali, heht 
j Turn the base to diameter and depth, as in E in a ste. a it ces che T^ of its re heavy one. But however much th 
r qi d » “Tor Ne P $4 re - " " s: 2719 e 
— chuck, as for Fig 549, and turn the tooth ¢ & 550, Rey P chug, WV te: quatre ama large: be higher than the į aee vts, 
A To | s : — ^ è otn Hange t * Se i D Tu he 8 ter d $ pviously 3e Mg e e inertia ot the 
| Ty of diameter. Clamp lightly to the post of the wheel 0 thickre te . WM ., pet à it will obi a 
lH ! : [ ee 3 : e > 15 81 a d 
aR] true at the base with the centring screw, as i 5 engin, |. and jn ab! reduce Bout the carrias 
| {| clamping screw. Cut the teeth and finish the hol] 5 851. ehi make ce ti peel it 
— -> : Ow . e T d 
To cut the teeth in the lathe turn the blank a 1 In Fig 2 the "gt Sa 
: 3 s E ue as sk : . & 340 7 
— : : leaving the base oversized. Fit to a post in the he⸗ Owen in bs 9 {0 
549 Turning the hollow of the Mos rose à - Neadstock ... "ig 551 
fourth wheel and secure with the revolving tailstock centre and a - Sn Big 555 
Cut the teeth. Finally reduce the base to the req -car Ding e i 
: : n ^ = ^eQquire „8 SONG 
make it true with the teeth. The final cut jc i "s ed diameter 
: ; E c > TAKEN Vars 4. 2B 
avoid turning the wheel on the post. Very lightly 0 
) y to 


The disc can be cut and turned while soldere, 
headstock. Turn all surfaces as in Fig 548, Ung, " 
will be at the dashed line, and finish as in Fio 
and hot water to remove any traces of flux. P 


l to the 
ler the j 
549. Wash 
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illon carriage with spring detent escapement 


e. minute tourb 


552 Method of securing the blank in the lathe $53 On 
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A 
ES | 
i A Tourbillon Carriages carring? puc d balance and period ot vibration a iguybillan 80 
/ E A The tourbillon, or rotating escapement carriage, was patented ora pco mainspring than is 1 A " Benen vee 
( Y by A. L. Breguet in 1801. The purpose of the invention was 40 will need n ule impulse escapement will neec ; ET im Us 5 C 
ES eliminate errors of poise in the balance by revolving the escapement watch. Ado d double inertia loss and the double reversal due 
bii : iform « re rate. nsate LP + 
continuously to produce a uniform average rate. ‘ mpe | "c 
Poise errors may be static or d ynamic and their effect will vary the dra eine inertia could be reduced by making the 1 
x with change of balance amplitude. The poise of bi-metallic balances The effec sais emaller. This would both disproportionatety 
w, S sometimes changes with the change of temperature. The tourbillon and its d delle of construction and reduce the accuracy of 
— leg carriage will effectively average all changes of rate from these increase the oe ess are more affected by frictional changes 
. a - E 5 - shy ) Anl " KU mn aa mall s = e 8 T au ye 
ing the blank in the ess from. omnit E t “ i | in ldeerioration than larger balances. With the heavier lockings 
j < a a : P - 2 b ^h. ou Get : 
j 551 kar a hie mae longer than similar rates from a conventional watch | () j] 0 Í j 2 0 1 5 200 E 
o 


HE X the lockings at smi ! r | e 
j j ane Ml amplitudes, © OVatoma Se id, or (BP. ated tO © 
1i ON ION CATTIAROS are usually litte * th Dm D p jê ee e adi 0 er 
1 "M l Ww yoy ` at * Gel lo ` l Í m ul | di : bp () 
H they perform well and will hold B ver Pocket 7 teti NA e mut / wheel 
HH for many years. The smallest know in. Close l'a BST E ALAS yon (0u trations pe 
| OWN tourh te Of oot e ala aura e vibrē 
IF of the School of Horology in ] e] | irbillon is Dy S m, y Whig WAU vib! nm to 600 
iar * : » wwe : OC > ` 4 / d ) ‘ ` E. 
Hi only 8 mm in diameter, was fitted A MR SwWitzerla Obert. = Che i | DET i equ t to 8, osite 
; i i * | to nd Ch Js Jg ge opp 
| The forces of inertia in such a w * Watch of 10 His , Van NOEL pete sin tne 
TH connoisseur prefers something fee Would be š 19 mim "mu Í rit Oe rotate quicken 
f ee ee N 5 “Arger i ery , amo | sad | a 
powerful glass, A well-constructed ¢ aviv hat he may Nall NI "(0 ca ac mmus ually j 
be more pleasing to look at and Wilker ASe for Use in ibe With. the fw do on 
: M Yaintai 1 
3 A c 2c fay t eO ya t : ain I à * Doc ut ; Y j 
Ht nan sxeduee the inertia js p ter time, Cle He gro ger ris DEA E ng 
E rotation. This allows the use of a weaker m. reduce p Cepin, p uri Pot edi of clean inly affe 
| l/ reduction in lost balance energy n ew ing wi, € UN. TS rin ne alc B me poi 
Hi draw reversal. Breguet made carr; 8^ the Unlock: eo We V gf he ed aont .wertage a 
1 de carriages with r. ing frien dug Was ane can av ell as t 
1 minute periods of rotation. He did thi E fOUr-min MS loy ay fia ya gel € te just as W Wo 
ii : 1 IS Ute ar de O fall” ter TA d 0 
HE wheel on the carriage which is pivote dy mounting s ang al de ke daily ^ with the € 
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i : of the ?ourbillon-mounted esc pen 
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f likely to set because its Spring: is M 
HB IN tow Weal 
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; d within n. - » ed W : 
as shown in Fig 554. The sec ni In the fixe e — V ost egre in 
5 he seconds hand can no |, Red thirg Ourth | "mo cone . leasing 


a r : Ti | i | | T P ia 2 ple? 
the carriage pivot and must be driven from the a. ger Be Yee] "o er mor P 
If the carriage rotates once in si e edge of Itted % a get 
| ! = In SIX minutes then f., 9! the c, E got een in 
be driven by the carriage in the same ese n the Secong g gut age sho 
3 atio | * -arrieo © n 
tourbillons are the same as for conven Bong 9. Train Caley] M my Zu pillo” , ted A B 
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554 Four-minute tourbillon carriage with pivoted detent escapement 


Karrusel | | 
The success of tourbillons in observatory trials prompted Bahn 


Bonniksen to design a watch with a slowly rotating carriage which 
he called a Karrusel. This was simpler to construct and could be 
roduced in quantity at a relatively low price. It is different r 
principle to, the tourbillon. The conventional fourth wheel carries th 


nt revolves around it on A ringe 

cap peed of rotat - 
qne ee cause the spee ot rotation of the fourth 

f nile pion scapement, which itself is revolving in 


4 he 3eriod : i 
na ite a byt th wheel, the period of vibration of 
ds! he ined LM four uit the speed of the « arriage. If the 


hour and the carriage turns twice 
will complete two extra turns each 

r h« nr and SO the balan 2 

0 — 600 = 17,400 vibrations. C onversely, 
direction to the fourth wheel 

d to 18,600 per hour. 

ve an upper bridge or cock to Suppe "rt 

v t us a collar surrounding the fourth pinion. 

| iv^. js do nch turns can cause the watch to stop if it is badly 
: The bearings should not be oiled, for 
; ct the timekeeping. 

se errors of the balance into 


f construction the tourbillon is 


appearance . 


Fig 555 was devised by Albert 
atchmaker. The lever escapement 
nly the balance and pallets. The 
d to the watch plate and the pallets 
train the carriage, which is fitted 
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[4 i ble 


to the escape-whe TS 
SCE el Pinion, tur 
a Awe E ns "um 4 
the escape wheel has twice he a önce in tWelve 
eae of leaves in the Carriage wee on | 
Ton W advantage over slower ES rum Sals 
erest among bi "Ung carri 
ong tourbillon fanciers. 8 0 ThA peg but Thie w 
Qven 
A. H. Benoit T 
The tourbillon by Benoit does not ha 3 
are ^ T - - es cC y ý 
=i 75 7 7 by a balance spring, as in Bis sar Wheel 
- sS ~ g p p. 
Li a, b,c and d. In the position Siew 6.1 he actin W 
with locking i y B urges + : a the Nin 
S le cking pallet Q. At the end of the B tooth 3 ** bal Vin 1 
d ance turning anticlockwise, the utrum ^i er Vibration * conta 4 
^ > HM balan 1 à; | 
5 wheel backwards and tooth ] i dees Spring 
* M E li " 7 
fe et Q, as shown in Fig 557b. During the n Turn pallet p 
1e in f wheel will turn with the balance ext clockwis ‘o un] 
o pallet P, as in Fi and t | 
ee r impu, 
Ea. P of the wheel teeth. This is zh Se ang res J 
ooth 4 about to turn pallet O to reset Pallet B n in Fig 580 Pallet 
wheel teeth, as shown in Fig 557a, ready t Into the with 
, O repe | 


APE p 


se 
th 2 will 


556 Tourbillon without carriage by A.H. Benoit 
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557b Tooth 1 in reverse contact with 


palet P 


4 in forward contact 
Q prior to locking 


557d Tooth 
with pallet 


salance will revolve with the escape 


for each revolution of the 
with an 18,000 train 
"here is no carriage 
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some Swiss makers, notably 
Movement Design xd b X the spring, detent and can 


d by 
use 
the length « 


as rates 
aem it is more robust than the spring, 
At first si 7 weight d for the balance spring, without 
d irs Sight this would seem to be tl n n be use |t is not necessary to oil the 
the addition of a revolving balance | "s Perfect j ment. ; 
Unfortunately it has a © thrown i 


gcape 


V * 

» ^ - à n * | 

el. This can only Occur at the |; a Potentia] c B the ge 
à i Ti : 


Breguet for his final series of 
the balance 


by . 

, ; ; i sed . He used circular 

spring is fully wo T rue of t erg ain Was 9 1810 and 1820 | 

Etro before m ed $ und. The Slighte * Ibrau tha t petween ided the double reversal and 

: g erore eversal of the escape gl 2 on e avo 3 : . hi 
"Cape whee tion oe Whe so Nielson in his 

unlock and the watch will stop. ; meet will z STR. baja ah E was used by Nicole 

j a š 

i 


of the twentieth century, and 
Tourbillon Escapements 


r 
ee the first - Better for a series of p 
ir Ay San i ar 
H The tourbillon watch is expected to keen t e in ae py Si idsmiths Company in the early 
fi ventional watch. If its potential to ma; P better time 4 Irthern E» ; 
ck : : amtain a ç] lan be used without any 
j period of time is to be fully exploited it oSer Tae fis don. gulator can e used hier 
75 escapement that does not need oil at thie mene be fitted a longer But the need for oil at the lifting 
7. ae Pulse Surface. With an à will cause deterioration in the rate 
ii Spring Detent Escapement | = free escapement. 
"t Breguet used Arnold's SPring detent See 
H tourbillon. This has the advanta ge that the HI t 
H and cannot buckle with the impact of th IS loc 
TA 


; inst ent ; illon watch. WX is a 
i ] e locking. It sion q Escape. for use in the ee d needs no 
impu se escapement SO that, in a tourbillon, the leer "Wu Sia Ez suitable f robust construction an 
i heavier. But it occurs only once per oscillation ac "ng impact s | ert ot T 
: from this source and the in that Is 


ertia loss of the carriage the fri 


Se are low 
ement. ?S not req; v T 
ment. It does not require oi] er than 


7 apem ing from both the run-down 
escap t is self-starting 


e. The watch illustrated in 
for a double impulse escap 


When well designed, th 


h F.Y » E 
ys ces 


jur. dental stoppa 
rom a escapement. 


e single impulse is 


It i s : not disadyg I 
is a delicate escapement easily deranged by unskilled ntageoug | i 

When used in a tourbillon it should not have a re handlin i f 4 Carri iage e either two-armed or three- 
balance spring. These encourage tampering and s 12 for the Ebook Nave Se Venter but requires 
carriage, with consequent bucklin g of the detent while i. Of the | vo- armed carri 2 B oun 

the regulator. Shing om ng to E E ar of a tourbillon watch is ot 

that the bala 
Peto's Cross Detent that th 


scribed it is only ue . 
"op mm diameter. If the statt 15 only 
wheel of E. will lose 0.06 mm clearance at 
il the A is only 0.20 mm and an ids ot 

E e the clearance at the opposite radius 


Breguet sometimes used Peto's Cross De 
locks the wheel with the detent in tension and avoids the necessiti 
of using Arnold’s thick escape wheels with upraised teeth Th 
separate passing spring causes friction at the detent horn and exerit 
a force to oppose the detent spring. | 

The watch illustrated in Plate II has a detent in tension 


In the carriage de 


tent in his tourbillons. This 


| X truction 
with the E Eo ; chosen the same methods of p E es 
passing spring attached to the detent and encircling the balance axis] e snements with pivoted compon 
to avoid the disadvantages of the Peto detent. Je] 


e 


h tool. The spring detent requires special 
Pe cune will be described. 
Earnshaw Spring Detent | f planting 
Earnshaw’s spring detent was often used in the tourbillon. It might be | 
thought that the detent locked in compression would buckle but thig 
does not happen. The watch illustrated in Plate III has an Earns iw 
detent escapement. Breguet; Victor Kullberg; Charles Perret; Albe „ 
James and Georges Pellaton; and Alfred Helwig all used the spring 
detent escapement in the tourbillon carriage with success. Howevel 
a regulator should not be fitted to the balance spring of a tourbillon 


with an Earnshaw escapement. 


on 
le from oil hardening, annealed carb 


btained 
+ it will harden. If it can be o | 
E E. 3mm thick the work will 
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A. This should be 


1.95 mm cross the 


wheel will be plant 
g., At à radius of 1 


he ence 1 

Isc j IU arm 

disc is not ay Ailable it can icht wo ar 
X IS 


LJ A E O ^ h 
ms © e wr een ase. 
O V Nor | plate, as in Big 55g, P'ePared from a TUN bet ne compe 
, | ) N ‘ o relieve ! € : x OO, (1 Str ’ r ) T r 
j ( : 3 3 dull n WV Stresses In tie P ¢ lan p Imi will 
l O al red heat and allow ( ‘© turned Sur ‘Ped l EC jm ak? 
R and uniformity of thick G cool Slowly Ch aces tai o the p at me 
OG X) ^X^ \ ‘ à > ah ys e Alga 75 
U^ *9 f > l : and applv pressure in ness, It IU is bow 3 ck both si à thy di Al 
Ü oq ^ Sure with the t ed, placa z des isk = | 
r plates Of some ? mm th; tumb (see p; Ce jt On | Op fla lo 
| ^ «& Ü j of l S 8 = 5 L uckness: o N AC 18 559) * Wo 1 thg i 
| e c the disc. With the disc cl WinRar | repay Suppe 88 
| V. l l j red heat ane aieo a SC C amped betwee Sess to rec p wo ls - 
i \ \\ 0 Finally fini l tl & coo] Slowly to Set ? n the pl itc eive the hel | 
Lo ANANAS) TERR ISh the surface x Set the dis. H. 3, Te ' bo 
» * P smooth with He Oe quite flat | 5e flat (Fi e (c E 
N P A " an oilstone slip (see Ej 5 o uniform 8 560) duy ; 
r : Zain Ms "x : s 2 d E 6 th; " ' 
558 P the E: measure the thickness at i yi Nickneg, 
VG reparins the disc for th e: ugh spots on the uncdersi 1 NT vere Places | 1 ang 5 
larniaee s e ic Ton 22 Side with ; ses. If : 
“arnage plate thickness is equal. Finish wij ith a pencil T une ve 
be quite fl 5^ With the stone il and file g "enge ; 
E quite flat and smooth and Of unif e slip. The fin; Hat until ark i 
inishi ufor : ishe i ; 
mishing the undersid Fm thicknec led dige thg 


3c : . = « SS at 0.8 Cn 
boss but this will be € Will mark O. mm ve 
and the Mark the edo. eral] 


563 Mounting the disc in the lathe 


S era Sed. OF th de centre hole 
YA : 
Holes "ed. Fix the wheel to an arbor in the iar. y 
À i / Er - eel E Las described j he correct engagement for 5 1 
ae cape Amn wee eig 564, and find t \ cerae 
zt Se E Tii ps he fourt 9 in Fig E : the arc for the depth from the centre escape-wheel depth 
| > > \ pak“ tool iden pinion. oir holes for the pillars and the hole : 
\ Y th t wheel : Drill the 3 esk : 
D | ELM "riage Eon diameter. The drilled plate is shown in 
- T3 hole o ee ape b , ith two Ee 565 Drilling the pillar and 
1 nas j arriage ii S ANEA hole 
n 


559 Flattening a bow in the disc 


560 Flattening a dished disc 


61 Finishing 22 
| en d Ee With an 
Centring and Marking Out 
H i i 
5 by the centre boss in a collet in the lathe and d rill a hole E 
lameter. Bore the hole with the slide rest to 0.2 mm le o 1.5 mm 
required diameter of the jewel setting, as SOWI ii zh - than the 
The type of jewel setting may be a matter of personal E V 
It is possible that the old-fashioned screwed-in setti; »É o 
preferred. If so, provision must be made in the di 
boss for the screw threads. It is simpler to fit a press-in setting with " 
the endstone secured by a spring clip. With this system the engl 
clearance of the staff can be adjusted if necessary and the accu 
of the setting is assured. 
Check the progress of the boring with a plug gauge and stop | ] 
and stop whene NA à her tor 
the hole is 0.2 mm undersize. Turn a piece of brass rod and fit the ‘plates. This will hold them securely — 
disc by pressing it up to a shoulder with the tailstock runner as "edd SAT n Fig 567 tie lower carriage piis v. : sition 
in Fig 563. Turn the boss true and to its final diameter of 2.7 mm, This must now always be the relative Le" th 
Lock the headstock with the index. Make a radial mark for the pillar | th ough the two discs at the pillar iy Eun \ nd upper 
position with the point of the slide-rest cutter. Turn the headstock ole in the | age disc with a No. 1^ Se? ata eee 


dct gen e del l. Tap t ) ower car diceres at the centre 
180° and make a second mark. If the carriage is to have three arms Veet fine (0); jj 1 [20] 0 20) 17 
make three marks at 120°. One further mark is required to mark tt e 23 — 


in the depth 


h-wheel arbor for use 


|. 864 Fourt 


nee, 3 
188 Would be } 


plate 26.5 mm diameter and 
ameter of the k 


c "X à centre hole the same diameter as the lower 566 eo Pu with 

Lac P. dee and lay the lower carriage plate AS cr 
ze b. A that the mark registers with the 

| T vs 566. Part off the brass pin that was used 


late in the lathe and lightly drive it into the 


er. | disc for the upper 


accuracy | 
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568 Sequence for making the 

carriage pillars: x 

1 Centre 

Drill to required 
Thread 

4 Part off with the graver 
5 Thread the post 
6 Centre the hole 


7 Turn collar true and to 
diameter 


Q3 N 


depth 


esign 


(he Pillay. 
lu ` I 

TH the Pillars From n 
posts with à No. 1 ae 


screws, ( 
Gre 
h must be eat 
Of 1.5 mm. 


Note that the posts are threaded full y up to the flanges whi 
undercut in the corners. Leave the brid ge locating coll | 
diameter and length and finish the mouth of the hole 

so that a centre can be used after hardening. The stages of tuming 
and drilling are shown in Fig 568. Harden in oil and temper to very 
pale blue. Clean up with oilstone powder and wood. Clean out the 


h are 
ars a little over 
with a chamfer 


thread with an oily tap and rinse in benzine. Shorten the posts so = 


that the threads are flush with the underside of the carriage plate 


and mark the end of one to avoid interchanging after the bridge 


6 of Fig 568. Make true with a 
jon e , 


i \ 0.9 -A 
^ OTe CI and fin 1 Fu 
heel of the * J iV 1 i] t 4 


Me 07-4 
\\ \\ ; 
i} 0,5411 02 


T 
secure that they are properly f I 
. Ensure tha M A e. 
wer plate. ving, the pressure mark \ 
et g ; lo and observ! Arcles impressed 
| 2 sarly defined circ EM i pMeesr a 
> AR with brass pliers. C pen 
; * | bridge plate to fit the eget 
pw qom plate is marked 1 0 - 
ine „ale M sentation 4 sy hole or holes should be a 
Ti J^ mo e The othe ill seat on to the 
0 5 hole (it and the plate WII * 
to E 
ae Al; 4 them 
b e en 


np an ith ENE ns are given in Fig, 569. 
why a sions are 
1 y 5 T o : dimen? 
pi jii he 
Ie pe * gi Ze" 
ja M 
n". jn 11 9 


ir » hole in the requirec 
E E aD) lars. Opening the an 
t. IM he p rected PEN the amount pose i 9 a 
ange? 4 can he nme at exc Div andl should be starte 55 y a 
ane uisalig ork is Es y carriage that the upper bridge 
zo 10 c 


p2 s to leave a boss for 
nta in thickness ab à 
ie agen it close. be reduced it to a brass chuck in im pm 
jul n e. — ntre hole. 
at the centt nd closely fitting the as Tora aN 
ting ned true m ns for a drive Pin Recs 
ew" eg pin : illar ute m diameter at the centre, c 
he g on the P! boss 2.6 m" le make a mark on the 
| n ked pillar hole make ida 
ing = E. mark the hole with a chamtere 
0 0 avoid ne n ne Smooth both sides of 10 5 
| E. nfer the pillar holes to take the 
. an o 


heads to fit 
3 | ith countersunk | 
he giistone $ rews Wi he 
i 7 Make P. screws to help to stand them in t 
ton 
a star 


as in Fig 571. 


Holes : nd 
pole? righting s ith pillars, in the mandrel plate anc 
„ping a" om P 
hits C 


isible 
ET here must be no visi 
gwer plate; € e stick, as in E ch: en the dogs firmly and 
(ree end of the stic Er. hole to size, less 0.05 mm, 
the the stick. Bore he tailstock and liberally 
heck te 1 vile broach eel yi E tearing. Fit the bridge 
eae with a Je urface of the ho y 
vent the § 


| broaching. The two 
eat the boring and 
T ws. Re t 
re scre P 


. d. 
pte gw ba pense aigne 
holes 


5. This was made 
mon lower plate boss. n 
inion collar is located E. aof preparation. Make the 
: : «IMS 
The p the e sions shown in Figs 572 and e A 
and to the dim eie fit in the hole. The compietec 
tis a 0.01 mm o 
tion: fit on the plate boss. E oon 
collar is à light ac zia to E d the radius of the fixing ial 
a — ber the screws will modal E ou S 
anda line across THES n the type of escape 
ithe line will depend upo 
of the line will 


- m — = 
= undercut 
— 1 
| 


- No. 12 martin or 
* 11 — similar fine thread 
" pris > > td ne í : 
is any misalignment it will be 
are > C 
If the 
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569 Dimensions of carriage pillar 


570 Preserving the marked 
position of the upper bridge 


571 Bridge screw with starting 
threads removed 
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A 
m 
ye 572 M ‘ 
5 3: sequence for i 572 s : x ENDE 
E Carriage c r makine the “4 Dime; kis anc in the carriage pinon 
} > Fit to plate bos | w 
4 Part F = 20SS | t ai! 
5 Reverse 4 111 aa graver | pivot the jewel setting hole mm the bridge E ui 
irn pinion face (hie up is jocated Sayre In Figs 5754, b and c it is shown * 
8 iv? roma ; t ered. f 
fil pet at^ ani : fr steel ee and tempere 1 
Me ure e wi wn in rig 
jM a) cot gie in the Stage a dge plate close up to the boss with 
collar and dril tis to 10 derside the h holes for the pivot flange screws 
dia drill through. Thre; fu the an drill the ewel setting hole and drill 
meter and ope ] ead the He les s atk mfer vot into the Je 
and temper f P n the holes in the plate tc es in the coll: we ted cha ben Fit the Pt les in the bridge 0.6 mm and open the 
UEM ee owe Clean out the Tem E pass the i a 0.8 mm | oP M ge. Tap th 115 a reads Sink the heads of the screws 
= ine - : PaaS with -dcs. J 
Hue nv dn he Tes the pinion the collar is e wood ang on | jon" the lange to pass 5 the flange- Harden and temper to deep 
The Tienen u a 1e and polish the su Potens i be finished " Stone 1 Mt in AT top surface o and the pivot is completed. Note that 
carriage 2 t the pinion is derived Fin ^. equureg B5 Th art off the lie ig 575a iS for a two-armed carriage. 
plus 0.2 Lis x. Hie oats to the top en the tace of the] . debe en to th fla em ES inr but will need a notch for the 
; rance for the ; : ) 1e fixed í Ne lower ape fl nge 
to length leavi Carriage, as in Fj ed fourth whe nes s the 
aving th 5€, a8 In Fig 573, Turr whee E! gore ved 
GE HEURE or Or post for the caller] Turn the " 3 gr show? in Fig 575 
1 0 a en ris a 0.01 mm oversize fit i iR ith à | ue 
g tool and tap the pinion into the 10110 the collar, Rif ue 
CO s 


and a punch i i AT WI 
P n contact with the pinion face, as j ae p namme 
yao IM Fig 574, Pi lis h th 
o e 


face oft l j 
le n i C a rbi n 


B IS 
UE 0.25 


QN at 


0.2 clearance 


575c Dimensions of Upper 


a 3 : gga Upper carriage IVO? 


pivot 


575b Upper carriage 
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M ör 
Ao ent a is 
"wn i 
y n1 


| The carriage can now be acca 
should run quite true in flat ings mbled 
the fixed wheel and 0.2 min cl 0 ARENG E 
or cock, Before fitting 1 
of the bridge to i 


ang tried 

Ado ven vas a 
m 

© beneath th 

| Wi 

"Ive ac "SS 

2 ccess to the com; 


the es apemenrt it ; T 
IS us iy. 
Chul | 
Oc 
^onents 
577b Symmetrical radii fe r 
i : ; : LD 3 
two-armed carriage 


579 Y ili n g the 


— 


578b Form of upper bridge 


TU 
bridge arme 


pridge 
pupp" 
mo 


gm diameter of the terminal curve of the spring. Tap 
ms and centre boss with stud bracket, as 
the component with great care because 
alt erga and . nd easily distorted. Hold only by the unwanted 
Wiig? splits ctnecses induced by sawing will not reach the 
ate chat an“ ir of hand tongs with jaws especially shaped 
wer | Use a: n avoiding the boss. Fig 579 shows the bridge 
ore arms wt 115 sharp files to avoid the need to press the file 
nun (of filing: i a e edges gradually down to size in turn. Do 
ng the next. The hand will become 


act, Brings ti 
tact: -S Wetore staru 
con ‘one arm bet sing delicacy of the component if it 


e hap” "m the ar 
the OU hh Saw out 


: tome | : overall. Fit hardened steel plugs into the pillar 
reduce finished round and with square edges, as 0 Hard steel plug for shaping 
| | the pillar holes 


te they are 


e sure ll surfaces very smooth and finish the sides of the 
Make à i dinal grain- Finally file the upper surtaces of 
longitu eve as shown in Fig 581, to emphasize the flat 


Pr E. the steel plugs at the edge of the pillar hole. In 


je prese pridge is delicate and easily distorted. It will need N 


a : e the carriage is finished. It will withstand 


576 Sequence for making the upper carriage pivot: 


1 Turn A to fit upper bridge centre hole 
2 Turn seating flange face 
3 Part off with the graver 
4 Reverse in collet and reduce pivot arbor while preserving 
the parting off centre b 
5 Turn pivot between centres 
6 Reverse and part off surplus 


befor 
itis hardened but first it must be checked to ensure 


"COT. 


late on the mandrel. If the three-armed bridge 


of pressure to any of the arms it will be true in 

| curing screws fitted. The two-armed bridge will 
tie distorted. Fit the screws and check with the 
‘ty can occur only at 90° to the pillar radius. 
rrection to the appropriate arm by gentle | 
direction. If the filing is done carefully there — s& Curved upper d bre 


Mark and drill the hole for the stud. This will be placed 
symmetrically to the pivot flange holes. Scribe light arcs from h 
pillar holes with the compass to find the radial position of the hole 
Figs 577a and b show the methods of finding symmetrical radi 
applicable to the carriage plates. Drill the hole at a radius suitabl 


J 


bridge arms 
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esien 


FHardening the By idee 

Hollow 
OW out two. Opper discs i 

O Make 


bridge, Wind thin Iro 
touching 
in Fig 582, and cover 
Strong iron wire leavii 


a Overo 
aroung 

l ay the bridge i Te 

With the second 


1 Wire loosely 
the « opper. 


ly a loy Y 
Rotate S ig handle ( 
ib ethe box slowly in the flame hi 
Dove a vessel of i i ; : p 
abo e 
150 mm depth of w ul 100 mm diameter | dendeg b 
582 Insulat T i ater. When Satisfied and Conta; 1 
f "eel: ating the arms fron s uniformly bright red r ed that t aniy and] 
$ “act with the hardening b ; Remove the brid; ed release it to fall 1. Solou 1 
n : " z r i KS Few: D 
í g box e the bridge from the box Bleu Vertically i r of re “Ast 
E S Ten > 4 ace ; 3 l 
- mall bright steel pieces and heat t 5 Me bluein NOE boy 
£ O : 


Carriage 1s not required and Will le; 


í ` ~ . av i "5C 
85 at a pale blue colour it will be hard € 15 à In ‘omg 
" accidental damage. EX OUBL ang m E. | 
5 Y ow 8 $ are E 
E The surfaces should now be clean j ant 
1 ry - UA.) š — 0 Ha PE t 
5 f with a Straight grain. Prepare the CUr; A and th 1 
: = x d as) c e ` 
7 with crushed oilstone paste ready for iet. Surfaces dges left 
m is 1 c ror ^7 : J IO ] i er 3 0 t n i 
s s finally completed. F Shing When t] S arme 
ar Lo le C À « 8 
^u vi i2 i Tage 
E Fitting the Escape Wheel 
4 Scribe a circle for the diameter of t] 
pe" T4 the lower pl "C ds “scape whe 1 
E r plate. Mark off and drill the positi on the, rf 
No - e posi : Ur 
Eu Tap 0.8 mm diameter. Secure a piece of st diy for the c d ce OF 
o- ; : , = Steel! * - ` SCra 
kc. plate so that the free end covers the esc ape-w] -4 mm thick 0 
; , i “CApe-wheel Aan. K TO 
FA in Fig 584. Drill two holes 0.4 mm diameter - Ye di illing, as sh the 
No sins Gel ` a 3 Ster and fit tems we c Ow 
ee: pins. The cock must be quite firm and incapab] temporary Stead 
. X * $ er cue ( tae es 
q through the escape-wheel hole from the anders; d movement Diii 
pu E - d e. 4 RS À = = — — SIC a " x ? l 
xc using the same size drill. Remove the ste ady Ki throu h the cock 
Æ E . - - - . % Ins anc -- į 
A height of the foot of the cock to 0.6 mm and ü A reduce the 
s -. i AN le thicky 
P- table to 0.4 mm. Refit the steady pins and the coc] Wckness of the 
yh y 583 Hardening box with iron-wire Fig 585. msn appear as in 
2 andle : 1 
: On the underside of the plate scribe a circle Mors 
8 E le for the diameter of 


the fixed fourth wheel. The escape-wheel potence p 
outside this radius. Secure a piece of steel 148 be titted 
steady pins and a screw 0.6 mm thread dia meter n | m with 
escape-wheel hole in the plate as for the cock. This potentem the 
very small and will be secured to that part of the plate b ol "J a 
escape pinion and detent. It must be secured at a radius sufi f ad the 
great to avoid touching the fixed wheel teeth. This will re. “a 
offset to the bottom escape-wheel pinion jewel to bring it | eng 
the teeth of the fixed wheel. The height is 1.45 mm to clear th recall 
in the watch plate. The potence will run level with the centre wil 
and must not clash with this. The radial space for the foot is limited 


584 Preparing the steel for the 
escape-wheel cock 


r=] L- 
"Ug p) 
0.6 


585 Elevation and temporary 
steady pins of escape-wheel cock 


this point is somewhat laboured it should be remembered thatif 


to the room available in plan between the centre wheel and fixed 
wheel. Mark on the carriage in addition to the circle for the fixed 
wheel a further circle to indicate the radius of the edge of the cenie 7) 
wheel. The potence must fall safely between these two circles with) ; 
adequate clearance of, say, 0.15 mm radially. If it is thought miata 


a mistake is made in planting the cock the carriage will be rumedy 


^ ve , 1 : 
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ER pig 586 with an indication of its 
setes | 
i ; table to 0.4 mm thickness. With / 
e in the mandrel and, with the 

ae ba drilling true. Enlarge the hole 

ee ; drill does ne t jump through the 
a the hole further with the boring 
as it can be while leaving 


e 
arge : i 

K it in holes ot the pi tence. Thr eh 
be 1 A 8 a le to 1.2mm by drilling to 
tide aide t the — with a jewel broach. Fit the 
NA (he “otal a! ype the d finishing with $ We in reer a 
eua ae ;€ a 3 1e correct sequence o 
y ot a no Ve hai a for the top Pol EN 

(" {a p ing te roce? 1 to 
M un car ne P : 587, 
MoU pU aput e pig 

HRS od 
I. am repe n! 
ard xi show" 

Han n v 

che ati? 

pr 

af 


; j el 
cene Wheel radius 
Í 


by A 8 
4th wheel radius 


Owe 


587 Sequence for boring the 
escape-wheel cock and potence 
concentric: 
| Centre escape-hole drilling 
2 Enlarge hole to receive boring 
tool 
3 Enlarge hole to largest 
sossible diameter 
4 Enlarge potence hole to 
receive boring tool 
5 Bore potence ole to 0.1 mm 
undersize 
6 Broach potence to final 
diameter 
7 Fitcock and enlarge hole — 
& Bore hole to 0.1 mm undersize 
9 Broach cock to final diameter 
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Tsy erbe tl 
= c» wo 
— file to sl 
= 1a ^ R ^ k 1 
A) pe. Reduce the ih; and pote 
e but leave , ce the thi iu ect E CODI 


\ lei 
t t Of tl Su 
N, a8 ie 


S88 Re . 
Reduced thi kness of cock table l üg 
ot ia ay 
MIN 


on à hard cork bloc ^ 2Olishers whil 
with a suitably s 


the plate. Refit the c 
the cock hole. Re 


) 7 v1 - £ ! X i s y 
U.Z mm with the Sfida: vx 1 open the pr à dre]. 1 


592 Marking the position for the 
detent foot hole 


Ping 
d rest. Fini 3 : st 
Fit à bouchon to the c ISN to 0.8 mi re 
— en o the cock and repeat t] N With ¢] 
1 0.13 mm holes a Ahe soya dge 
c1] wheel vae Th 10 Ie and the plate it the à Dach hole will be cw 1 5 1 eae 
589 Bre - bo 53 i os à; A e po 18 1ed che . — PI. à JQ I 1 7 8 ; Wel N. e 10 : de t or ' è 
1 uchon for jewel setting bevelling of the bouchon Tom Of the cock 3 for the e With ; ished th M be the banking ch will be a little 
work, as in Fig 5 ode an bi ed wink is fin heel ys ag stone Pipe * zer yf the 
] hs 8 589. It is Important that attractive fin; With th age ape y the lock refore a little drifting © 
the product of an engineer. ** à Watch doema Nish 0% » cat ne e s pank a ee stone. ne ovided the banking, depth 
Dake a dummy pinion to esta blish the ^ look qe yt ent” neter tha ill do no E o 3 
pinion and the height of the escape deb overall length of t mel. diam stages W dge of the scribed circle 1 
top surface of the teeth of the whe dan eel, as show ini Ye esca ar! arly le at the outer e 8 rei ihe centre of 
of the jewel setting. The clea ce" will be level wit] 0 J 890 The 4 Wn ased: ling ms I used Scribe a line tro | and up to the 
` RW 2 (0^ ec ra "£s ^ : 3 A $ Ny Y 11 ‘ P a! 
reduced thickness Mene en Of 0.15 mm is provi dersige a M t mat Y Gnocking js re ent to the escape wheel at n ks 
can be used as a direct comparat ote dummy — by the Pate th ol Se pole at a i hole on this line and tap 0. , 
à l oc - ate Or gauge for th -— on SO th x ep ting ^ 4 e 00 
i in the pinion and mount the finished whee cape Pinio * we el set te prill th jameter at one end. 
Ue 0.05 mm end shak t | = Yee], l'he pini 1. Tur ie’ e pla le 0 5 mm diam 
i X126 ri e to the pivots. This v ill „ Peon will ine af th with a ho ; the carriage at the 
* finally finishing the carriage slate I reduce slight | Nee edge 92 l of t el crew the steel to € - 
: ; = 5€ Plate. oy Whe in ib s piece eel and 5 drilling through the locking-p 
f peP” ne esca a second E now the template 


rside. The steel is 
es for the detent. 


for the detent. 

; (E to make room À po : 

- We zung her now be E Es Note the radial position of 
to be € 


1 1 le € nd the channel 
"OY locking-pu* hole a 
from the 


93 sh | horn and 
ig”? : generate. to make freedom for the detent ho 


detent 
| made. When the | 
"he detent can now pe to establish the 


sin ren be 

passé ficiently Y A wheel, the steady Pin holes can 

B eee: the ooi E the pipe and secure the detent toot 
dari e, brass lod ing iw k that the clearances are correc 
dalle „ to the plate. Chec ne steady pin 


ent can Now 
made and fitted. 
the half diameter 
e and an incorrect 


590 Dummy pinion for taking escape-p 


nion dimension, 


Fitting the Detent 
Make a dummy balance roller with a post to fit the lower bal 
jewel setting hole. Carefully reduce the diameter of the ro e | 
the post can be fitted into the hole while lightly touching til $ 
escape-wheel teeth, as in Fig 591. On the outer edge of the "Tm 
for the escape-wheel diameter make a mark beneath the tooth ap 
the detent locking point. Drill a 0.4 mm hole at the mark, Fita hale 
round brass pin into the hole and, if all is correct, the esca pe-wheel 
teeth will touch at the two points of the roller and at the pin, agi 
Fig 592. Check that the pin is accurately planted by reducing ih 
roller until the escape-wheel teeth are free. The clearance of the two s the depths are 
teeth at the roller should be equal when the locking tooth is nesti 


E" an escapement Witt e he same 

i is is nc le can be drifted witht r nico EA - 
on the flat of the pin. If this is not so the hole ca e di aM kod off from the escag 2 1 D) s 
file in the required direction and made round with a broach, Wem "abet. a a 
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En 


regulation: Note carefully 
a clamp which must be 


e ready for pi nsing 


T NL 
al av sf rhe 
: t 
me ond nd rel 


E , € : 
Jr y ML 
d — 


itted 


— x „AF ie di 
„„ N y W ve unwanted weight from the AES 
p x | i as y. to rem i A 
\ x a} 
kn 
J * ^ 
| A 
n iy 
Setzen 
x CLINT. 
| 593 sns i 3 p 
E en kor S qe MS 
1 method f : a ps * 
E . 95 OF fitting the c z I 
» ann ce e e 9cks a a 
T | Pplies for the Hdditinns and Potence ! 9e 
c E- E ] SA Mponents. I the ese E À 
iX E tiing the Balance and r “Pe whee] A 123 
+“. > The balance jew 3] = d nS * — - : 1 oat tw armed wl 2». 
TT b fc à CIS must be fitt e E d 596 Final torm E m a X ped 
o fA Store making : Ed fo tha nmn j carriage plate ot PA 
TT. hebes 18 the balance staff. T e carriage three-arme* NE 
cR ns Noles with the jewelling a v: he setting. wil late ang q nal for e plate 
E jewel setting can remain in : "ii Once fitted 4 ipic be pre... BE 599 Fus carta al shape and drill 1 mm holes in the 5 x 
ES. polish the wall of the h » 5 With „ che brides W into i e E y Figs 595 and 596 show the final ro 
, e S 1 er os) - e o ~ 2er i i Mot 7 B oU M e | er. = $ o - ` 
E - setting. It is important that th Prevent the steel 2 "TOach lig unes phe sa . armed bottom carriage plates as à R 
E in the setting, making allowa so is no sharp edge fe ring the Bal eee and IV. File up to the lines p 
Mc CATTiaoe : 21 S OWance for Hh Aj b ~ Se to tha 128 Drag 8 a 1 a c n | 
e—€— E pho Pivot. Do not burnish the : 1 “cang shoul ie Pre aif or d iustrated S le pressure. Leave the edges » ju 2 ji 
A el * n lia ble to distortion. Bea ee € bottom « ttin h : der of thet x jah patche» needing hi This final work requires files with 23 
eae GB dpi whe ess in the settinę S hole which ae Ain ales he files. LP? re] the edges Pa 
2 . n o * len the plate is harder ù n ! D [t " VIII need E * 18 Soft 1 ve sharp ain f t T ch into the corner. Beve [Y i" eo 2 
aC with a new one. ed and should thi E Ne de tam yit ginal g es that iion oa of about 25° from the horizontal. " 
* * a= ^ len De ren : D e A" E 8 0 3 
pet Make the impulse and unlockine n replaced a dean izle to 2^ Pe born cher with sharp corners. Take 
e. rels ; © rollers ana darf : : . 
e 1 Turn a dummy staff to estakli s rs and make 2 | E "T em smooth - corner to meet the adjacent angle and 
Bl o e various sho Id 2 TT d SN the height A e * e ‘nto the i : 97 
s: n oulders. Use the dumme a 25 and diame 1 igh P. o, right in i Fig 57 l 
1 Bauge to make the final staff Fit tl nmy as a direct 1 meters : . isher ae rp earan 4 swith the exc eption only of the 
i 2 the assembl E M y i 1e balance and — ; Parat ihe = a le d - complete y - li - a! the 
m H D Make the spring collet and fi t , d rollers and g " yeu the carm. dim lude the clamping stud. Place or i 
hm. es and form the terminal curve the Spring. Vi f Y ; Asset sprin þut E spat position. Cut a small piece ot 597 Bevelled edge finish to upper 
t — i EM c : f E N Ü j an . ^ 1 75 8 tace ot c 
E. ie Spring will fit below the top of the b planc? ` gl and note dn d then stick it to the carriage with surface of plate 
` IS not much height f oe e balance rim and a E sing 10° ire, shape it an semicircular bracket 
far sii 5 ; or the terminal curve. The cle; wei there | pe suitable sue, te that in Fig 596 a semücircuta d 
TÉ E and the spiral can be increased by IG 1 e between gold © 19 wax. No cht and in Fig 595, for the three-armed 
alance-spring clamp in Fig 594. This is also shown in Fig 656 with tha I W : m for this Pois B E of the arm. The position ot en 
C Í 4 PE e details aes le | à "evmanon 18 
5 For a to- armed carriage this will locat E s ge a bracket af T. 15 escapement and some anticipo 
- ae — im Cate 3 cea i , ? - Oo ^ » = = DL itc 
^ e of the upper pivot flange; as in Fig 575a. For thre gainst the maii E vary with the type E amount of metal is reserved tor its 
- : D - í ce arms IPS — f } uffi : m 
ae in a notch cut in the flange, as shown in Fig 575b E —  ) sary to ensure a 5 f poising the weight wil be too heavy 
the escapement i i iue s 7499. eee pees tages 9 i ilit takes up 
p it is a spring detent there is no regulator a «s. In the early Stag ition. Move the weight until it takes up 


Ar . * and th Fa J^ Axin 1 E si 
screw can help to equalize the vertical and horizontal rates e o “ad will fall to the E on the poising tool. Gr 
3 | ion ot res 


At this stage the balance can be brougl ithi i 
; ght to within ten second po | ration of the carriage 
time by adding or subtracting weight. Make any altere e the period . 


adually reduce the 
, rocking on the 


tions equals : weight until jour Drill the weight and the bracket. Tap 
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to diametrically opposite weights to maintain the poise and keep 
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` Drag ket 0. 


“check mum dian | 11 
ls Cx the Poise. y ; 4 and i * 
ut the ro king 


y the RINC à * 
: Ori 4 5 : Ww T e ; D 
When the cay Period wil] be s] d stil rest SL i ND SI : A 
Di Arxlage is finis] Wen Skat the, Mie E | 
ismantle Shed, : als ek 
£ 


Harden i 
larden in a copper 


Tir M. 
£ > x : np e à | L M i | 
is used be sure it i DOX as for the |t the bott E be quil É p^ Mes Pa 
scaling ang can r s a warped, Aj Per brido MI lew, * H Ere 
Of t et x * result In un T- j l 5aps W : S. lf t So} T * c - p 
: he carriage plate T even coolin ll Cai Sc € an ting mue fi 
with ailstone Sacks emper to a Pale br With Conse 0 atin’ boy AP Zz 
surface flat While Ý tele en Polishers. Colour and Snt yy 1 ang pr 
left smooth from n ER t a cork block p lis} Or ) lean ing js. 5 7 
brass polisher in | i burnisher a nd will olish th parai tl e AI DES ce 
Te win diamantine T- Poli eva] * Ir VIC 
setting hole an Ine. Light] I p * 5: uer 
: and push in a new .9 ^Y Smoot ? quick), |S Wag | iios 
the balance staff. new setting Aur the Wall oe With * cas. 
x remains to finish Polishin “ee height’ jewel | :4 compensating, for Mord 
ih assembling the carriage c 5 the bridge to stig nn COMP ons to 3 
N, poising of the - N RE complete with bal and the 85 mpe" has yittle Vue offer simple solutio | Rer 
balance wa 5 os assembly and A ance, Fina Crews a " 0 toda dern materia à a ateh adjuster's most n EU : 
4 as Ie - TE - ne C 1 Mao 
"^ posiBon Fates E POlse after the LN Dala; te Ju leta the qe rch oratu! Wath century, p. 
€ S = : 1 : i : 2 . : 1 PL e 
E. a tourbillon and 5 ia ten seconds, Th 1 timin ung) The n 4 te F the we ing a watch will lose E pd : AS 
: j : > 2 COrrecH doe > «hg : jt pn 1 spri ; is due to "CN 
/ : Bring the hori : ection. S not may UMS ; ANP ac d stee hange in rate 18 Mc 
E : 8 orizontal rate t Sieg Matter QV wart plen ce and t of the € any, ate MEME 
b. timing machi ; O Within 5] " Vith pal ] ro a test par tem ts to compens : ü n 
EC Snie ia ine and the carriage wil] 1 tive Seconde ae plain E [he 8 po ^ pring: Early at d spring for a rise ead | E 
Bis. : acy Tor rating 1 E the d CUM in cO tiat f "A active Cn E ine mperature. This Wr Fe 
P : S anc fit l al » e in . 1 a a i 
F i a4? nge p shore nathening i i brass and steel soldered or [53 
er made an lic strip 9 h plate, as shown £ 
jn re . meta the watch P 3 
* ele ratu bim end to rin e 
M epo ith a „ed at one verse the balance Sp g B 
E. "m ethe nd cat e rose the gr cL RR 
" i f od tog The free € the te peratur m the stud effectively 
f iV 1 O Ee 
yt T fig jet Ne the $ cod erse occurred for a fall 598 Bi-metallic compensation curb 
l 4 af the ? 8 curled | l ngth prev 
den, pras ctive 
the h complex. The 
: Jorn ekeeping wae E. B sen 
í i i J 
, pea gnis E for — o e e 
e stm in leng 
The ^ r adj hange ; forts 
raer a od by the x at exceptionally determined ef 
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= : : 
, V e subsequent 
e Wes error Only th and Thomas Mudge, its subseq 


ee l Their 
ratt i enter 7 uccessfully. 
| ) Jarriso n in making e E Te understanding 
af jo " cceede 4 on any serious scientinic = 99 9 5 
n es not base ther more by intricate ca sinn 
i the Pr The adjus : is dismantled 
: wi! a bad will be lost when the watch is d 
etr d the Y 
tan 
permanen 


(erst 1 jon was offered by John Arnold's compensa- 


wan | d into curves and 
more practical eit bimetallic strips forme rve 
im van i Aaa f a split rim. This system 


seed to à cros adjustments from the balance spring 
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“separated the compensation 
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an AS p ring, 


The Balance 


ed to avoid 
p nee. The 
, underside 

3, The screws 


adjustments 
N head to 


1785 and ¢ 


ontinue 
Idle o { 
599. 


d in use d 4 - Le 2 ^ res under the i 
| i osite pairs of screws 
; af = | Se a 
“the balance. S is 
f tl eus with &01 Sere 
e sc rew ^5 W 


he t , i , ^ - y 
We 1 o y i J 1 N * . a 
| he E ntiet 1 5 ado 1 m , pt " 1% t Wes y opp 
l . a inv } 1 ( t j ture 
| | | | l ws for temperature 


| adjustment 20 : 
e i “yea í ted hole with t LA 
can be very c] itt D 38 100 av? in Fi aver 2j LA 
very cli 1 k MT MP LAT tO Re us ith the scere iie 3 
SUES ER: * achieved by Adjust; System Peratuxe beg 0 MM Be ae i ual 03 Retighten 75 , upon the ratio of Jj Mv 
Under the inf SUIT t] e Posit; “OM He e "ng " yi iP JÜ efor, Fig fi »d will depent t i determined H exa 
Geter influence of Bo lon ofa. SAH (ech SUE yer . rec wires i can only be © TEM d 
li =ers and almost al] Er cians early p Sen j 10 wt 100. some che rim Ee id 
Qlametrically 615,4... ASUSH marine - nglish "WE juo neat ¢ adju Log] in - 600, move first ere Ms) 
shown in Fip S00. N d Weights For cos onomee, POckg "hrs PCT oF ob o? avis, shown in Fig i re-poise the is 
step by E a E : lese offer continuo pe ation ; a lopi q On. P at A b ding Welt Int required, an E SA the 2 
The eff ; Justment of the movalb] ~S adjust, ju ime, PO fe ith Ste ated ami" To avoid confusion Me k $us 
: €H ect of transferri able Screw ent as ‘Nt, Tu | s W Stirne eight- 105 fer. Always ma e S JA 
IS to enhance AEN Ing Weight to or c. WB: Sains} S | yi? 4 ance” ihe idea -ond wee small chamiet- OHNE: he x ws 
Saale $5 the change in the radii T from the fra he 0 bent py " he at hts with a * E and re-poise with the A i 
wei n OF temperature. If the watcl ol gyration ç ft of yee ov! Pene W* d marked Wer Soy 
€i&ht must be move 'atch is slow ak the b | MW rim T ne 0 ath the as 
be carried d EM 8 o vaeli the free ¢ en re ter mi vit y ides st Me™ t pc 
hib M * £ : educe the p OF the re ey ade qu ig 
gh temperatures the weight i e radius o me P he an he it eig n can be placed E 
rim where the change; o -1$ moved nearer . . Fr ye pe ent the watch € tour- ? 
“~S In radius is small ote Er the fixed an N jm wa of a dus tor successive twenty-toV 2 
AA; zi "nd ofi : pT stages igerator Z . -ufficient to = 
" Middle Tem perature Error f the | jo early pa and p. djustments will e foh 
600 Weights for The adjus fie the ne OVE . ture nen Io 
P die. temperature adjustment cannot be exact ¢ aie site taken Vc figie tempera = Y 
adjustment S differing c Ot be exact for al gu ely E me t 4 mid nds of each other, 
8 characteristics of the „e. all temperat V te? qne OP earn tO * nes Y 
the balance a ones OF the effect of Wures dug alte est o Le s are WI : stabilize for each TION 
dic an Frei . mper le tq SET MER To ires -pring tos ; ue SCTEWI - 
e nri d 1 Neither the Hane £ a ‘Ture ch an © the W (he pei m ap the balance i en kur Hour test. At 602. Slackening the screw + 
E 5 e effect of the char SASS In the elasti SB on jo" d 0 . or s . the : 5 
MO M e change TES elastic e in ris the hs 
n ance Is directly Prem in the radius GH Cg the "e ebe allow before begin" en is sufficient but, in 1 
differin 8 c] k - P ONSE: À - O thi à ch; | nee x e: nik m of y mus han 7 f e clima S. 
g cha racter istics com bine N l & 1n tempe r T the gm "n c hour? o enty-four hour e f the 
and one low tem perature. Bet „een A ae i; it "e ui > wele ter tO B lance is the near certainty O 
watch will gain a „n ween these two fene stage it is bee . e of bala : ture. The errors 
i Bain and outside them it will ] aA MPeratures Sn i> tages, it it of this s hange of tempera t 
of the two temperatures depends or vr The exact relation d jv icula A of poise js » in competitive trials py 
for which the adjus eule Choice of t, E M" oing OU ot sho 
adjustment is made. If t] f e Of temm NEQU \t did ature. 
= 5 c A the hie we. pi ratur Ace b > fau tem er é i 
is 36°C and the low 4°C the watch 11 7 temperatum "m M ront MA ket ata! c ted A the Swiss 1n the 1920s and 
£ à à atc can ^O 2 - 8 N iei "Br 1 a . e 
= E y | c fermedinate > > ( si P : ` 
called the middle temperature error Thi an late temperatus EE ge ere M A z watches 5 this way much time was saved 
alxz T 9 : j : 8 N amon é qe 10 SPI : a4 45 
mately two seconds in twenty-four hours. [f unt to approxi i They c 1 thousands 0 and vertical position 
to 42 °C and 10°C i 2 rs. If the choice is cl jus zuction h in the horizor 
n the midd le tem perature error will f 5 CNA nged må gt „sured, bot 
watch is required to keep time at idc vil change TARRA W. access a 
ae m F e at a middle temperatur y S and su 
. - ~U ULG IVES 
; ajusted only at one other temperature to keep the same n e ate: : 
5 " 3 — l * © ume, Tha i 
emperature error will then appear at the op Josite ENG he -— - are no longer made tor 
Pposite temperans Stee ‘on balances ar 
extreme. perature - iati E = tion De 4 ; * in 
ulli compensa ^ ers old stock ! 
Whough cut CO” 3 ilable from manufacturers i 
Adjusting the Balance Lo watches 1 The best type are ca tion. Guillaume st eel is 
d F : 7 : ^ s ` 1011. 
It the balance is not perfectly true in the concentricity ol the f gta steel used in their E a 
Ko RR ; a i m ' nm | oneclal = : i Xc , f 
Es any adjustment for temperature will effect a change in rate and the E TG nickel to reduce its coefficien x mtus of gyration ot 
| Es i < - í - t 4 ` 
E watch must be checked for twenty-four hours to establish the | alloyed » i steel rims change a 
Es y o establish the new ; and G llaume ts of the change mn elasticity 
ORA rate before testing the adjustment for temperature. The operations | Brass ilow the requirements "dai 
E : : AM de balance tO follo ly. By this means the middle 
EE most tedious and time consuming and has caused even experienced i balance spring more closely. Dy W ond in twenty- 
E " P NA . j ° bs s "ET. 1 Ne - a sec LO J E ARES 
"E Ec adjusters considerable anxiety in the closing stages lest some Wk d ae error is reduced to less than ha 603 Removing the screw 
"TA mI, " " P , p £ [ E - 
A considered move set the work back instead of advancing E e ^ 
2 . four hours. 
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604 Bi-metallic ovalizing balance 


ana 
A Spring 


Cut Ba 
addition t 


In 


O an 


Views H 
MAY ha E IS LES ma 
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l ekKeeping is expected | M SON fend wit} While i toda 
checking the ~ma ha i Vat * 
eO © rate are nd nm 1 Ve) h 
à watch to p Are now readily aq ul E Watch Y do i he 
j aA errorm s - ao ing ] 
also neri atı tactorily wh e. It is ul "mm ti 
4 | Troy M VA ell m the T k ule On 8 if Vl "s oj 
enouech toe FON Ket w here T IC te t1 Weh 
* SN N expose any Poise eri N temperat out ii loy 
re best bi Or in the co ture; My 
-Meta CONIA Vil LES 
whose experien Ilic mee Were it a tion "es hiat 
“we, combined Ody 1 
De : X with Ced 
Oped especially for their PA metals ang by Pei 
` `- Ir pose Ut è 
tree balanc x Pose, resulta luipn is} 
: ang CSN hei X $ 1 te d eni 5 
VOr f in z 
od the idiust * k was augmenteg m | I *h grag X evel. 
€ cr and to repeat thei; Y the deve ‘ul 
— í ` ‘ 
Prohibitive expenditure Of cost] bined Succe elope a Sk i 
VUSUV time y 55 tog i 
3 v . ^ K Sr - S 
standing of the requirements ill need except RA. thor 
“anal ung : 
* Aer 
10 enten C Onmpensatino il - 
- ^ OUS 
Ihe problems 


Ot adjustment tor 


317 tempe 
almost eliminated by the use ol 5 


; COmn 
now commonly used for n suto-compensatin: M. 
are Elinvar and Nivarox. The Pops o "AE two most «9 ‘loys 
remains almost constant throughout th ps SM TE -— 
watch is subjected to in ordinary use | rh i je HEN 1 : he 
ot the material depends upon the TUNES a 2 es Of eg np e č 
ing the amount of hot and cold w m Teil ies enufacture ndi 
Of precipitation of the elements durine fin 13 S and deg 
finished spring. gu AE Y the 
The residual errors remaining amount to ont 1 
day over a temperature range of 4 °C to % (^ c. SW Seconds Per 
have no error. The extent of the error is im : i ntu id hes oj Wire 
mass-produced watches and he will ch ; ^ * ei: maker 
timekeeping tolerances. Modern wrist-. itch x a 3 e 
extremes of temperature when worn and i h "Re us 
night they are usually kept in à warm room. | e ie "i om 
errors will have little opportunity to affect th. rite a Ne a 
will in all probability be swamped by the positi : pe -— — ie 
be found in the mass-produced watch | a 

Residual Error Correction 

Once the magnitude of the error, which may be wholly due ms the 
balance, has been discovered, it can be corrected by an "- 


compensation applied to the balance. The function of the π¹ 
is to change the radius of gyration of the balance to compensate ihi 
error. The two principal ways of doing this are by using an ovale 
ing balance or small bi-metallic attachments. 
Ea 


viliary 


The ovalizing balance was used extensively by the Holes 
Watch C ompany of America who used an Invar cross-bar solidora 
to a stainless steel rim, as shown in Fig 604. The length of the Gar 
remained constant with change of temperature and caused themm 

to become oval with expansion or contraction of the stainless Sigel 
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be moved to match thu hy ine - 
error lt the weights wer equals 
- watch lost in hu at, thu eio 


|» immovabh | 


A , OT à v my 
‘ * nr the axis ol greatest o it 
2*3! y» 0 ot |! nov! (nt ES Y 
AU VL et! & with screws in the rim brine 
im au QU es palani Ing 
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restriction of the diameter at | 
(ee ovd . rst is eh radius of gyration. The « e 
ge Y reduc. the rapidly MOVING screy i 
caused . the energy losses of the balance 
EE ng harometric pre Sure 
' without screws can be greater ind. 
weight. The resultant reduction in 
- jyronal errors in the vertical positions, 
luce "D m irection can be had by redux ine the 
ze in Penzel of damage froma heavy balance. 
"m wit AO 
Jments 
ne sation 60s is simple to make, very light and 
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m Sone to cause disturbance. Auxiliary AFEN 
Show otrusion 
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The assembly 18 brought to time in 

E -ashers beneath the weights and then 
by Wwa : 

1 Mn 


compensation. The attachments are Y 1 | 
W aor or te? than 15 known, by BED poe ' CUR eee 

ine n rer "a that can be corrected ortening the = 

ain in opm ends. After each alteration the watch is 
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k b d and with this combination the rates TEREN 
Çi ; ring is "^ 
D ^ -< E 8 
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: M gr à at the two * During temperature adjustment it is not 
ma ant error. = lv to time before re-checking. A 
per the watch exactly de i 
ine vrs 


Á 1 " > i le temperature is close 
isl? ç to prin nds per day at the middle temp close 
"- 5 Seco = 


tremes can be equalized with no sign of 
xtreme 


ga 


Nijxrar : " os 
di | is applicable to Nivarox springs and with 
ous Ae procedure mits can be made with the brass and steel 
& n 
ha san chment 


» a gain in heat. Once it is established that the 
ei^ ji^ to compensate ) vagnitude as the opposite error in cold, the 
ud S `g ime m E 
erde i ee ; i 
- K inueu. A »d 
can be discont ndensing on the watch during cold tests 
"mx isture ET E f rise to roo 
a mos box and allow ed to nse to room 
ev - poden box 
pr a we 


s S o ned. a 9 
the box 15 U 


dusting the Attachments 


‘ twenty-four-hour intervals 
t be made at E a 
| checks em and fully wound at the start of each tes 
aith the watch ve : important if the rates are not to be confused 
iod, This is mos 
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aj or S re- WIS * er ea . |í h pot uo St | : - 8 > P. "Yo ag so WO! id 
Ficult to ini. ISed to a 95 1 h alterati wil with pala „orature adju: ten ütting the spr à; * 
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be chee Ina bi-metall; "aded hole nent. This { len 5 Vy shyt inne „metallic and simple to make. : J " 
nged for IC bala n the IS ( it we 4 iur 19 ala , mom sd for in the balar ‘ 
the Weight wi a longer bo. ance. Alterna Attachy an be "Il h i" nee als pi ,gl$ are . are compensatec for in the balance DE. 
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is correct fos RE must be ren 5 Weight will Sous digte tive od ! can rar pane alan” varia 10 | material tor mono-metallic balances. 
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If a large alteration is ETE with the timing ma * 4 608 Sequence tor making Daniels 
must b necessary in the early stages a, machine, balance: 
st be removed, the eccentric "e Stages and wel E | 1 s 
a check i ntric quarter nuts can be re weight E | | Face bar true 
607 Poisi ck made on the timing machine. If weight i e reduced and 4 3 2 Turn to diameter 
oising in the callipers exact amount can b | : eight 1s to be added 3 Turn recess tor rum 
the timi | e ascertained quickly by placing y ja M 3 4 Centre and drill 
iming nuts and securing them with a gr atk NM a 5 Bore drilling to final diameter 
T , " m Sc P > y e 
hold sufficiently well to enable a check to be ot oil. They wil 6 Part from rod at Y mm 
ck to be made on the timing oversize thickness 
6 F | 7 Fit inverted to bat and turm 
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machine. When satisfied that the timekeeping is within r | 
by the weights, the washers can be properly fitted and the aa y 
rinsed clean in benzine ready for the twenty-four-hour ee 

method will speed the process of finding the correct ama oÍ V 
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Fit the Parted balance with 


ELIT i a light friction 
* a ^ 
Ru 3 i steh; flat Support ^i Dc reduce eng i 
below Fie centre En: Circle for the hub diameter Sen del redu 0 
by an amount equal to hair Set the lat Stion 
are to be. Draw the Point of the cutt or 25 the idth th. U tool 
the line of the spoke. Turn the = across t eg y 


full width of the as in 9 9 0 “a a d repeat to Prog “criba : 
Spokes. Reset the tool exactly to the "AGE. M 
as shown in Fig 609, for the 
marks with the radial position 

Drill the balance 
as shown by 
the lines. Du 
filing as the 


Spoke, 


614 Fitting the weight posts 
609 Locating the w 


poise freq 
eight posts 


work proceeds. Hold the balance in the ha 
Within the rim, as; M 


aledgeona Wood blo 


balance rim to fin 
file, as in Fig 612. Watch carefully both the 


i i boxwood held 
baat ith diamantine on b 
eof p E in the posts, as in Fig 614. 
ce. Finally 


, eighteen carat, gold rod 
g tg andl slotte drilled by gripping in an eccentric 
miently a to fit the lathe collets. Turn the 

e fro B. mm bore. Put the bush into a 

i t a collet 2 ne side with brass shim, as in 
and pack to m through to fit the diameter 

e gra d. : aw to allow the bush to flex and 

enc. 1 p sired thickness from the rod and 

B 3 mm collet drill the holes 0.4 


1 until the end wil] ; 
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611 Filing the spokes 


612 Filing the rim 


~~ 


ini he uf de 
j ig 608, and finish the un : 
A a "P. the bar as In $5 Fig 5 ular rai 1. 
; Fit the lm va tone paste to produce a circutar g 
MT with wood an 


16 1 lance to fini 
; fit in the ba a 
‘ess in a wood or brass disc and as shown if 


with a wood disc, 
re. I of the spokes I 
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d i 
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615 Drilling an eccentric hole 


616 Drilling the weight holes 


The Balance and Spring 


galanes | tion balance i5 made from steel with brass Dc 
pli compere face of the rim. Turn the disc to the form eie ) 
$^. 00 che outer A with an extra-deep outer groove to ensure Pes 
623, ^ edge of the completed balance. bore the p 
oving from the lathe drill * 


in fig e. lower 
aches the e. After rem 
free cutting) 
Ad 


pole r£ ^ n E ring of yellow brass (non- 
sert ban aa ae rim asin qp — Tl I| m 
F z | E 


Lie PS im while leaving 
ecd Surface of the groove and the brass ring with 
he brass ring and heat Ls 
623 Blank for a balance with 1 
: 


Cet paste with water. Putint 
1 over the top of the groove. TS E 

m. The weight of brass is See 
ee ped in the groove. The gap 
kac will help by leaving space for the air to escape. 


ing over the surface as a layer of 


g: our * T s by f 
get ee decia ni flux will certainly trap air. Trapped air will 
pa thick "dos and this will most likely occur in the corners of the 
he groove deeper than will eventually be required 


E P 
PEC = 3r. 
. 
< Turning b 


weight of brass and by moving the corner 


1 \ For a balance with recessed screws, as illustrated 
1 Y rings are needed for the rim. Turn the dis : to the r ips y increasing he i 
| \\ Fig 619. Mark out the spokes and recesses as shown in ig 620 | E „ away from the final — Cos annie 
A. Cut out and fit the screws as at B and C. Then umber of spol ler stopped the centre hole with a soft nme / 
is a matter of individual preference. The completed balance is ill esersed the disc 1 molte E n ene | 
| «id blow-holes but is nc so convenient to use for a single balance. T xm 
Chan the back € lisc bright with a flat file or emery paper laid 


trated in Plate VL 
Index the positions for the 
When the drilling quill is used in the lathe it must be set Exam at Sur Clean the 
the centre height of the balance. If the holes are drilled with a xi. Mount the disc on 1rned stee ye 
hine ensure that the drill is radial by lowering it toma ds ‘bite acchawn in Fic 624, with d | 
620 Stages of formun the recessed mac p 5 MI | the, as shown In rig 943, vire 08 
met d centre in front of the mark to be drilled, as in Fig 622. Bim hedt 


screw holes in the lathe, as in TIR 


tre hole bright with oilstone paste and 
i io a flat surface in 


O. 
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cutter. The completed 
adjustable die 


from the 


the b ` 
: rass ^ 
SN to reduce 


sev yn i its t : ` 
eral places oa hickness 


— i by 
Cleg nsure the Yah 
it tov the back of the iam hammerin ribi 
o the lathe ; CISC Apain « at 
with a orion and secure te SIN SO that it is flat as. Kng 
cut wi r without top rake. S * at 
h the back edge; Ae. Set the t lc WY 
means the disc will E as the t i ool, as sho emen, etum 
detachi: | Yold firm aga; : E 
€ 10 A Oe Lape Yi 
face off B. * hen the brass 15 Zainst the flat 
until the disc js i g. Posed t Surface 
Tara eutt SC IS to final thick 
e centre leav; Ckness 
the arms and the Pit Es the bottom ^ " Ver and ag op 
Of the ri : Steel at rer in 
m. Finally : at one-thir : 
a ay si turn the outer Rn final re 
h ds © steel inner rie, p. 88v 
1 more securely by a scr er rim. For the fir, Ving the b ickneg ‘ 
Histo ^ Sin d NM CW e " NS 
ock centre with a hollow c At the centre or | E 
f returned to the driving p] cone as j clam ance 1 
- / ate : 
ratio of steel to b 8 Plate as often as jc 
rass in the rim 7 ssa 
> ""eIy do | 
adinen ED 
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VG E 
| pleted bi-m 


| pane etallic balance 
626 Co 


illustrated in Plate IV is 
me methods of making, 
ance. Four pieces can 
four spokes. Mark 
drill one screw hole and one 
and cut the rim into four parts 

cuts close up to the spokes. 627 Awxiliary compensation 
jon, which is adjusted either attachment 

Casing the weight of the screw. The 


of the watch 
* sation. The sa 

e ar a count ensation bal 
na^ making a balance with 


isochronism are com- 
sally for poise to make the 

void complication the quarter weights 
s and the balance brought to poise 


ditional weights. 
d balance varies with change 


ally adjusted 


625 Securing the balance with the tailstock 


If the brass is turned with | 

ssi | a polished cutter it will m- 
further polishing. Finish the steel as earlier described id 
paste and wood. Turn a small bevel at the corner and olish | | 
burnisher. Mark out the crossings and cut out the "- 1 


-— ^ 
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2 3 * 
Li T e 
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If movable screws are to be used for compensation adjust 
the holes must be indexed in the lathe. Mount the balance d vosition of the centre of gravity 
where a weight added below 


im rate that diminishes up to 220° 

it causes an increasing, loss. The 
is turned through 180° so that the 
to cause a loss below 220° and 


the flange of a turned bar in the lathe, as shown in Fig 62178 
that the face of the bar is turned hollow to be quite sure tf at 
balance is seated firmly up to the flange. Drill the holes with 


drilling quill. Gtart above the centre of the spokes and drill thew 

quarter-holes for the rating screws. In the fixed quarter of each 

drill four further holes. These will be useful for weighting, Ii 
for the temperature adjust 


free quarter of each rim drill holes 
f the rim with a tin polisher wA 


" Now polish the top surface o 
AN balance rests on a cork block. Turn frequently to avoid a gral 
a lined finish. Finally cut the slots to free the rims. Note that 
f the rim to give support to the free end 
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cc stant at 220°, poise errors 
s followed by English makers 
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are cut at a chord o 
held in the fingers for adjustment. The flange of the hole 


ise) TIUS ar em - 
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ueing po” 
gain D 
«ion rate , within five seconds 
" 4 nac in . For finer adjustment 
Oo | P four-hou s, The tests 
| rature but both temperature 
am leted before the edge 
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2 MEC. don 0 vith the watch vertical on the 
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/ V ding the mean error of the 
' j | " n i positions are noted and 
x X \ se a id mean error by adding 
: p wie bove the centre of motion 
E. / : p e will slow all the positions but 
~ / . | | sation 4. The error will probably 
/ error ent yf balance SO that it will be 
proportion according, to the 
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Balance Springs 
The earliest balance springs were fitted to watches in the 167% 1 | 
were not common until after 1680. They took the form M 
spiral of one and a half to two turns. The inner end was a ste 
to a brass collet fitted to the balance axis while the outer - 
pinned to a stud fitted to the watch plate. The vibration pen 
the balance could be regulated by sliding curb pins, in a merai 


bracket along the outer coil, effectively to lengthen or shorten 


active length. ] 
The only escapement available for watches in the seventeen 


century was the verge. Its notoriously bad timekeeping W 
improved dramatically by the application of the spring. A goa 
quality verge with spring will run to within three minutes pere 
Without a spring it may vary by as much as twenty minutes perd 
With the introduction of new escapements in the eighteenth cent 
the rates of timekeepers improved so that variations in rate y 


cR jn watches avoided the worst effects 
sno a fusee to equalize the force of the 
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were fitted with heavy bi-metallic, 
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Whatever the errors may be it is possible, in theory, to equalize 
them by a single adjustment at one point in the balance rim. In fact 
it will be necessary to make a series ol small corrections according 
to the results of the daily tests. It is not necessary to check the rate 
of PD (position 5, Fig 629) once the initial tests have shown that 
no magnified error arises as a result of a mechanical fault in the 


escapement. 


Slow Vertical Rates 

It will be found that the rates for the vertical positions are slower 
than the rates for the horizontal positions when conventional 
balance staff pivots and jewel bearings are used. This is due to 
the increase in friction of the balance pivots when the watch is in 
vertical positions. The error can be corrected throughout the range 
of the variable balance amplitude only by correction to the balance 
suspension. 

If necessary the PU position can be equalized with the horizontal 
position by alteration to the poise of the balance. This will put the 
loss of the PU position into the PD position which may also include 
a loss arising from the point of attachment of the balance spring to 
the collet. This combination of errors could amount to about four 
seconds per day in the PD position, the amount depending on the 
form of the balance pivots and weight of the balance spring. 

Unless the watch is kept quite upright in the pocket some of the 
correction will be lost and the rate will appear erratic. It is better to 
adjust the vertical rates to a common error against the horizontal 

rate and allow a correction for vertical use 


Balance Springs 
The earliest balance springs were fitted to watches in the 1670s bul 
were not common until after 1680. They took the form of a steel 


spiral of one and a half to two turns. The inner end was pinnee 


to a brass collet fitted to the balance axis while the outer end wa 
pinned to a stud fitted to the watch plate. The vibration period 0! 
the balance could be regulated by sliding curb pins, in à mos all 
bracket along the outer coil, effectively to lengthen or shorten th 
active length. 

The only 
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verge. Its notoriously bad timekeeping iia 
improved dramatically by the application of the spring. A go d- 
quality verge with spring will run to within three minutes per day. 
Without a spring it may vary by as much as twenty minutes per day 
With the introduction of new escapements in the eighteenth century 
the rates of timekeepers improved so that variations in rate with 
change of balance amplitude of vibration could be measured. The 
Variation in the rate is caused partly by the esi apement and partly 
i y the spring Ihe amount attributable to each depends on the type 
of escapement used and the form and dimensions of the spring. 
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rhe unlocking of the chronometer occurs after the centre line of the 
„ement which is the quiescent point of the balance spring. This 
will represent a loss of energy which will cause a gain in rate, The 
impulse will also occur after the centre line and this will cause a 
loss in rate. The unlocking is accomplished at a very small radius of 
he balance axis and the energy loss is small. As a consequence the 
required energy input is small and the average error arising from 


their combined actions is small. 


reduction in am plitude of vibration of 90°, leaving a total arc of 360° 

per oscillation, will produce a loss in rate of about eight seconds in 

wenty-four hours. 
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* ter pinning points are on th 


Lossier's Rules for the Point of Attachment | [n FP 


The correction ean only be made by trial of the spring in the yw t | inner. | Ww gain in rate from 90° fo 100", f ol 

but the work will be simplified if Lossier s figures for the me | aul . io 270", The rate below 160" is no impor 

to the pinning points are considered, Figs 633a to d show in. fron N re will not fall to this figure de iring th be 
| form the results of his observations expressed in seconds per dis | i 0 i hirty-five nei onde change in rate | Mah | 
3 gaining or losing for change of balance are with the propria l — ont a gain as the are falls during tie jy 
3 point of attachment to the collet, TN OVES | MI rep ET E 
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63b Phillips terminal curve 


hig 636 shows a torm of Curve, shaped to the formula of Edouard 


d on the line 
of the spring A 


Phillips. G is the centre of gravity of the curve situat 
AB at 90* to AC and at a distance from the centre 


E i 
equal to Leis the length of the curve measured f V g 
| l ed trom C to the 


pinning point P. Formed in this way the spring would Vet 
concentrically and, if fitted to a watch, would reveal the extent of 
the escapement error for any chosen long or short ares. This will not 
be an exact figure because the inner end of the spring is pinned at 
a fixed, finite radius and so can work eccentrically. The isochronal 
error from this source is very small arid, for all practical purposes 
the error revealed will be the escapement error. 

It is possible to apply an inner terminal curve to allow the spring 
to expand and contract concentrically at the centre. But due to the 
extreme difficulty of forming so small a curve accurately the results 
are uncertain. 


Adjusting the Terminal Curve 

It is not strictly necessary to consider the relative points of attach- 
ment of the ends of the spring because the curve can be made to 
work eccentrically in any direction. However, the greatest variation 
in the eccentricity for the smallest change in shape of the curve will 
occur opposite the outer pinning point. 

In Fig 637 the pinning points lie on the same radial line with the 
spring working concentrically. To quicken the short arcs greater 
eccentricity is required in the direction of the arrow A. Reshaping 
the curve towards the dashed line B will make the curve more 
flexible in the required direction. If the opposite effect 18 needed the 
curve must be brought nearer the centre to increase the flexibility 


em ; — x “( ^e SO 
at D. This is shown by the dashed line C. It will not soe 
Since 
eb c 


great a change as B unless the radius of the stud is reduce ior 
Jette 


it is inevitable that the watch will lose in the short ares 1 18 
initially to observe the points of attachment for the 
escapement. 

The spring collet must be carefully centred above t 
hole after each alteration to the shape of the curve. W 
alteration observe closely the radial position of the stud si sition 
the coils of the spring, and set the curve to maintain this F, ids 
Any centring that may then be required can be done by beneits 
spring close to the stud. 

An error of centring after manipulation of the curve T 
a change in daily rate and, due to the change in pivot friet 
changes in the positional rates especially in the short arch. 
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Curb Regulators 
it is common practice now to fit watches with a regul ts length 15 
in Fig 638. The spring passes between two pins an : 
ciechvely changed to alter the timekeeping by moving PY 
hi practical effect of moving the pins is to change hr ent for 
the inner and outer points of attachment, so that the adjus 
isochronism is disturbed. At one time the regulator w 


Li ' un : 
e t that the vertical rate W 


m cal 


Vit} e if the 


means of achieving a rough isochronism b 
F Jl f the spring between the pins. If the spring is bíased 
1 iowards the inner pin it will rest upon it increasingly as the 
ince amplitude decreases and the een 
rhe results are not sufficiently precise for a precision timekeeper 
ad if the regulator is moved the effect is changed, 

Regulators are a convenience {6 makers of mass-produced 
watches but are not necessary in good-quality, hand-finished 
vatches. Such watches are brought to time by adjusting the balance 
and subsequent regulation of the rate is not required. ij 


and read) y adjusting 
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Cha king the Rate 
The rates for the long and short ares should be taken with the watch 
in the horizontal position. This will avoid the inclusion in the rates 
of errors that do not arise from imperfect adjustment of the spring 
Ideally the rates are taken at twenty-four-hour intervals but if is 
difficult to maintain a constant high or low balance are throughout 
this period. If a slow-running timing machine is available the 
rates can be taken for ten-minute periods at chosen high and low 
amplitudes. Alternatively the rates can be taken at twelve-hour 
intervals with the mainspring power appropriately replenished at 
two-hour intervals. It is inconvenient to change the mainsprings for 
each test and they would still need winding at eight-hour intervals 
to maintain the are for twenty-four hours at the required value. 
ue to the increased pivot friction the rates in the vertical positions 
will be slower than the horizontal rate. The difference between the 
“es can be found by taking the average of two opposite edge 
for comparison with the horizontal rates: These rates 
influenced by the diameter of the balance pivots and the 
velocity of the balance. The angular velocity of the n 
ined by the amplitude and period of vibration. 
T pivots will reduce the rubbing friction and high ** 
will reduce the period of static friction at the e 
tionary: 
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640 Pivot with increased friction 


641 Pivot with increased friction 
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nime Of gravity with 


this form of suspension the end-shake necessary to F ye 
to the pivots is reflected in an equal amount of sic destak Fri 
is kept to a minimum it will not have an adverse effect or 
The principal disadvantage is the smallness of the ile 
the large radius of adhesion of the oil. With chang e 
the viscosity of the oil will vary and noticeably a é 

The watch illustrated in Plate V has pointed p 
in conventional jewel holes with endstones. Fi 
arrangement in which the cone of the pivot is r 
with the point clear of the endstone. The be 'ese 


Koran position is higher than the friction W ver’ 
and, as a consequence, the vertical rates are fas " A 
equalizing the horizontal and vertical rates it is not s 
variation is no greater than for a conventional pive 
of being very strong and resistant to accidental d: 
the gain in the verticals is more acceptable | thar 
the conventional pivot. » 
The watch illustrated in Plate IV is fitted | 
hollows cut into their faces to bias the pivot: 
jewel hole. The arrangement is shown in 
the pivot rests on one side of the hollow aj 
of the balance, in the direction of the arrow, to 
hole. By this means the rates for the horizontal: 
can be equalized once the correct form of tl 
by trial. 
If a fusee or some other form of e€—- 
the horizontal arcs will remain constante 
can be equalized by manipulation of the te 
is used in Plate II which employs a rem 
second intervals to maintain the horizontal 


Point of Attachment Poise Errors d 
A terminal curve formed — to 


contract uniformly. The inner coils 
attached to the collet at a fixed nad 
a variable error of poise as the spring € 
greater the balance arc the greater will bett 
from the centre of motion. 
In Fig 642 the spiral is at rest at C and 
poised “wil the centre of gravity at cent 
wound it will contract and point of attachn 
radius C. It cannot do so and remains at rà 
gravity of the spiral is raised to G'. In um 
to radius B but remains at A? sna gain 
raised to G. ! T 
This has the effect of putting the spring ag 4 2 
in Fig 642 the centre of gravity will il be al 
to cause a loss in rate. As the balance à 
gravity will turn to one side where * 
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springs W hich need thicker wire to r 
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were heavy and could produce a noticeab 
sossible losing error it is usually advocate 
o that the centre of gravity is below the be 
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balance axis in the long arcs. This is hee 
in Fig 643a the points of attachment lie on 
io the condition for ease of isochronal adj ent is a 
The positions shown in Figs 643b and c will not b 
pnning point and any losses will be con | 
down, in which position a pocket narii 
is convenient for mass- produced watches | 
adjustment other than regulation for daily 1 
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For adjusted watches the pinning point is © ny P 
The error will show as a variable change in e 0 : sos Import 
balance Mer ov is the same effect as à sma al, | 


by div iding the error i 9 four Hon beeen h w unten 


positions. Fa 


Influence of Collet Diameter NU 
The greater the collet diameter the greater is the radit 


the magnitude of the error is affected by the ratio of col 
to balance diameter. For small watches the collet dian 
be reduced in proportion to the reduction in balance c 
consequence the error for small watches is greater tha 
larger watches. The relatively larger diameter pivots 
watch cause the balance amplitude to fall — 
run than would be the case with the larger v 
noticeable change in the error manifest as a ain in 
twenty-four-hour period. 
In such a case the watch may be adjusted tos 
edge positions for a twenty-four-hour period v whil 
hour interval the rate would be some two seconds i 
such errors modern small watches are fitted v Ni 
cemented into very small collets. The flat spiral a 
escapement error which would not be available ii 
were used with a small collet. 


Influence of the Outer Coils 

The eccentric expansion and contraction of tl 
flat spring occurs opposite the outer point of a 
cause the centre of gravity of the spring E ; 
with the balance vibrations. Because this ¢ 

not affect the vibration period of the vertical pi 
measurable effect on the rate. There must ob 
angular displacement but this is always i n the sn 
radial and angular displacement and is too smal 


Making the Balance Springs | 
For the modern mono-metallic balance, det y 
formed from an alloyed material which is V 
temperature changes. Springs made from sl t 
balance to correct the effects of change of ter 
spring. Steel springs are no longer used in We 
the drawn steel wire for their manufacture is vi 
When alloy balance springs were newly in pe 
twentieth century they were not very success 1 
with the best performances of watches with oe ie 
in the materials and the processes of t "ux 
improved the springs so that they have s upe i 
springs. E 
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of tempering used by earlier spring nakei 
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à glass cover, to preserve an even tempe 
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649 Former tor spherical spring 
646 Polishing the interior of the Spring Studs and Collets P C 
: spring : . e e 
he simplest forms of stud and collet are shown in Figs 650a and Y 
" - ; tat * 
b. The stud has a flat or sometimes a groove to ensure positive 1 
. . . E 
orientation of the pinning hole. The collet has a slot to allow a certain RE 
; ; É scat AE rae 
647 Polishing the exterior ot the MOULD 1 | 1 itude in the d iameter ot the arbor to which it Is to be ^ » j 
spiral spring itted. The slot is also useful for removing the collet from its arbor 4 
flame until the copper is bright red. O W sing à Hat-bladed tool in the slot. Fit the tool into the slot amel twist »* 
lame he c er 15 bright red. Quenc dropping vertici while 1 c Yu ds » nee : : N 
into water Pf z | eee while pulling up and off. This form of collet is entirely satisfactory as 
int ater. nd evi ^ E ’ , 4 — II 
i i i AE i UE and suitable for any type of watch. With it the radius of the pinning 7 
Remove the cover and check the tightness of the securing screws. point of H "ee i l tAin 26 
Temper i ds , seer Finally S e spring equals the radius of the collet. As seen a te 
emper in boiling oil before removing from the former, í Fig 651 by fl A à; ine the pinni x 
> aes : ' flattening the sides of the collet and turning the punning or 
i polish and oxidize to a blue colour. int th ona E. i i diameter collet Ti 
= A rough 90° its radius is reduced for the same wam éul | 5 
N IS Seen à : : "Ww - Esi 
- | Duo-in-Uno - ; Changing the radius of the pinning point can be use | m 
i i LH Hi s (0 the P à P 
n : , TURCA NE JENA SE ‘ical ustmen yr igne Te $. 
= Two other forms of spring may be worth describing toi E | t for isochronism. EM 
M 18 / |» quo a 
— reasons only. These are the duo-in-uno and the spherical The E | 1 
N TS dp dec p ; ^ a heli ‘al spring. Phe pel 
| = Y in- uno is a spiral spring formed at the base of a helical Sp ^ in | | E 
Se pecs „ 4 tube for forming M | 
D PN box for formine the spiral is raised in the form ora tube for k 1 nt | | KE 
8 the helix, as shown in Fig 648, Three lengths of wire are wou a | 1 
=ne | i s — on Eo UX Eit 
< the box for the spiral centre and one length is continued 0! E. : 
= - , í - " X Les | CU 0 et : ] 
MÀ spiral of the tube. The two unused lengths of the spiral ddr = 
( | the mouth of the box. ek | E: | 
ES — | A E 
5plu rical met ee 4 
The spheric 1 ! ies used by SWISS e | nl 
he spherical spring was sometimes used DY © me by Winni T3 
makers. It is formed in the same way as the helical dis discs held | we 
Se: > d ner OF Uiw ^t 
on to a former. The former is composed of a number ¢ yove to take , y p i 
i P 5 - . Y T \ w) ; 1 
together with a centre screw. The surface is cut witha n hardening | 1 E d y 
— ^ : se D £ ; | 
the wire which is held at each end by a screw head: Al jdn acre" | | | | 14 
and temperino T : “Te * | re Yoved, the v" yr | ] spring stud | d 3 
mpering the clamping screws are ren hrough the & | * 650b Balane ots 
arent i ; ae «1 throt die | ES 
withdrawn and the pieces of the sphere rc moved pes no practical \ 0.9 A. 
t e wa j Er- 1 at f 


of the spring, as shown in Fig 649. Such springs ere 1 | 
re v tio! 
e^ = aa 


advantage to the watchmaker but are much adm! fers a SUBE”! X^ | | 
ollectors, who love « raftsmanship the more if it offers | | 2 | 9 
| on om OAOIL WU) — 


01 extra diffi ulty of ai complishment. 
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[he stud shown in Fig 650b is imply made from a Steel rod File t] 
j " " e 16 


Hat to locate the stud in the watch and ensur 
ire exact orientan 
- entation 
of 


the pinning hole. 
It can be seen in Fig 652 that the stud A of the pinned 

; Spring 

extends downwards below the width of the spring With a c] a 

; ' ac 


b . : am Mine 
stud the spring is flush with the underside of the stud This j 1 


| | bc : 5 useful 
ina watch with an overcoil spring and will allow greater freedo 

the spiral below the stud. The clamp may be spaced above thes * : 
with screws or a piece of the balance spring. Where the vat. E 
no regulator, but a means of adjustment for isochronism i | 


5 required, 
the clamp can be extended to form a bracket for an 


ales | | adjustinp 
screw. Examples of studs can be seen in the watches illustrated in 
Plates II and IV. 

[o make the stud, turn a dish of carbon steel to the form shown al 
in Fig 653 and the collar B surr unding it. The outside radius of A 
is the terminal radius of the spring. The inside diameter of B is equal 
to the outside diameter of A plus the thickness of the spring. Fit A 
into B and drill through 0.3 mm at mid- height, as in Fig 654. Tap the 
hole in A 0.4 mm diameter and open the hole in B to accept the 0.4 
mm screw. Secure B to A with the screw and drill through 8 0,3 mm 
to touch A close to the top al posit ms bb, J he drill will mark A after 
passing through at bb and, at the height of the marks, turn a groove 
in A, as seen at c. Thi: groove will locate the points of the steady 
crews at bb to prevent a misalignment of the lamp. Drill the hole 
D, U.6 mm for the stud fixing screw and cut the stud from the dish. 
0.4 mm diameter and cut the clamp 


Thread the steady screw hol 


rom the collar 


When the isochronal adiu ung screw I: required the collar should 
be made thicker and filed awav, as shown in Fig 655. Note that two 
lamp: can be cut from the collar and these are shown to maki 
clearer the inside and outsid: of the clamp 

Ihread the hole for the isochronal screw UA num diameter 
Form the thread with a tapi red tap until the screw will just enter 


edg 


thread stiffly. File the underside to break through th 


of the hole. Do not fit the scre until the clamp 1s Marae 
tempered 
Reci the stud screw hole and finish the pieces avere 
mootnh-grained finish from an Arkansas slip. Harden ane! 
| medium blue and finally finish the surfaces as required 


| slot to! ike a! 


with a deep paralle pe iil 


FOI A pin-e! 1 
UT Sure [TX JL » 
show 


Make thi isochronal )CTCW 
Dladed tool ind drill holes through at 90 
the final adjustment of the si rew is delicate and pr 
crewadriver must be avoided. The final form of the clamp!“ 
in Fig 656 

I he Circular ¢ ollet 


E Ag? ij 
| mel 
lurn the collet the dia 


with the 
y the 


in the lathe from brass rod. Leave 


> 5 tre 
"VeT51Zed tor final fini: hing after drilling. Make à ce let fron 
or 1; 4 » COME 
point 0f the graver and drill the centre hole. Part mee 


olding. 


[| TT i " E an 
4 and thread on to 4 broach for convenience 1n h 


sharp pointed chamfer make a dee 
NNN hole stari the chamfer rad 


with d 


| for the pus | 
ele bring it round to the required RR c 


nin | Tu 657. | he dashed lines indicate 


ially and, ay the sink 
al circum 
(0M t ^ n" ! 
n e. Drill the hole and with the collet on an e 
van off the marks from the chame xing tool Finally cut the slot 
cing the arrangement shown in Fig 302 The dimensions of the 
ollet shown in Fig 650a are suitable for the foul ee ee 


deeper! / 


Plate I^ | 
rhe flat-sided collet is turned and drilled in the same way but is 
rought to final diameter before parting off, File the sides flat before 


drilling the pinning hole. 
Balance Spring 
0 Length 
g is a flat spiral it should be vibrated on the balance 
to a length that will offer the required short arc gain to overcome 
1] error. 
pring over the collet to observe the minimum length of 
nat will need to be cut from the centre to free the edge of 
ine conet, Straighten the end of the spring to enter the collet pin 
hole and secure with a temporary pin, The pin needs to be only a 


[o Fit VT 


|] th 1118 


ight press-fit in the hole, just sufficient to hold the spring during 


We inn Ibrations. 


Hold the: pring in the tweezers to suspend the balance above the 
! ' watch. Set the balance vibrating through about 90° and 
UP alternate vibrations for half a minute, Alter the length en 
m required by shifting in the tweezers. When the required 


"umi | vibrations is within a half-second, extend the counting 


"ute intervals. At the same time an assessment must be 
‘he suitability of the spring. If it is to be pinned in to suit 
ement error, it may be necessary to alter the length at the 
| If, for example, when vibrating to a correct count, 


'Uarter turn short of whole turns i can be co the 
$ at the outer end and cutting outa full turn from 


adjusting the 
'urther small correction can be made by ad 
the balani e. 
JNE is to have an overcoil cut the outer © 


required number of turns. 


oil a quarter turn 


! iT ( f „e 


collet firmiy te à 


À — surplus Lu 
PIN in the collet hole with a piece ot — into 
mall end in pliers and pull the wire tg ^ 


| le the pin toa long taper 
11060 


wW room hoy the spring. Fit the 


the ^ 
he Is Pp" 
cause the spring to bow and when th ini firmly. 28 
| h and of the co : A 
Make a mark oi ' 


| Position when I 


10 


Dice v Ol Spl Ing to he sure if We 
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the length of the hole. Fit the balance spring and eie a s. 
i l e 

before. Before pulling tight into the hole rotate as re, 1 55 as 

bring the inner coil of the spring parallel with the m o ed to 

£ ; 5 


Fig 659. Finally pull fully home up to the mark which wil] inc E. 


when the spring is tightly held. Cut off the ends with sharp si; 
T i © SIC M. 

cutters, These should be especially prepared to reach 128 th 
entrance of the hole to leave the ends of the pin flat, as shown a 
di cu In 


Fig 660. 


659 Setting the spring level 


660 Cutting the pin to length 


Centring and Truing 

Make the initial corrections for concentricity and flatness of the 
spring with the collet held on a smooth broach. Rotate the broach 
slowly between the fingers while examining the centre coils of the 
spring. If any adjustment is required to make the spring flat this 
will be minimal. Make the alteration by raising or lowering the half 
coil opposite the pinning point. Push up or down with a point, as 


in Fig 661. 


i 
' 


661 Setting the spring level 


Hons for concentricity must be made in 
(Corre! 


| the first 
| the inner coil. Fig 662, A to D, shows the t of quarter 
urn € cor / 


ed foi the principal erum of orientation of the curve to the 
«ning point. At A and B the radius of the termination is correct 
P ihe angle of the curve 1nto the collet is incorrect. This can be 
in ected in a single alteration in the direction of the arrow, | 
(t «C and D the radius is incorrect but this cannot be altered 
without unpinning. The simpler method is to alter the curve in 
wo part che first alteration, at the pinning point, will correct the 
„dius. The second will alter the curve as at A orp to re-centre the 
oil. The direction of bending is shown by the arrows, Fig 663 shows 
ihe tool used for bending. This is made by reducing the end of 4 
eel rod and slitting with a circular saw in the lathe to ensure truly 


| 
requi 


vertical prongs. 

With piece of peg-wood, hold the collet down to a flat surface 
and straddle the coil with the prongs. Hold the tool upright with 
the ends of the prongs resting on the flat surface, as in Fig 664, and 
rotate in the fingers as necessary. This method will prevent the coi 
rising or falling out of parallel with the collet faces, as in Fig 664. 

Make the final observation with the collet fitted to the balance 
wheel as it revolves freely in the callipers, Allow the balance to 
make several slow revolutions while closely observing the centre 
“oils of the spring. These should run smoothly to or from the centre 
the collet without hesitation or jerking. A small fault ih ne 
be visible when the spring is stationary. By spinning the balance 
the fault can be located rhythmically, relative to some part of the 
balan and the correction applied with the balance stationary. 
Vote that the prongs can rest on the surface of the balance centre 

0 that it is not necessary to remove the spring from the balance to 


Make corr 
nal -Orrections. 


| 50 
nding the spring 


"I 


| dn this way the Er 


Helios es D: | Forme Wes 
E te spiral spr ing 8 — the wire as Nbre * ö opt to à mid The —Á m 
; LM j ting to the collet with a piece of surplus spring. — jo shaped (WES M te T ribed is q 
3 | f B de large end close to the hole. Withdraw and eut off the pin at the q . available | he Es S * desc 
i zi 1 mark. Lightly fit the spring to the collet with the cut pin, quon 1 coil ty of od eng : —-— 
| EN — 2 spring vertical to the balance by rotating the pin with tweezers, he form oline e bold th "- pos et 
— = = in Fig 605 Press the pin fully home with the pliers so MEL | ovi d he 7 A d : d T hes ree 
— — is at the face of the collet hole. Finally cut off the surplus wire with am of the spiral a " i. * a: Pins: 
v3 — m shat P end-cutters to leave the ends ————— | "a Te = ee a „ Gun mer 1 
S n Curves for helical springs Gan be formed n 


it they need no raising. 


eas Shins & the ex a) Sprung 


fem 


A 


„ 
To form ** Breguet overcoil to the flat Spring sip the ters 
tweerers at a distance of three-quarters ofa tunt MEE acd td 
point. With a second pair of tweezers Sup the s ee 2 sis pa SOAN 
tree end at a distance of one-eighth of a turn fromdthe mi 
the first upright and in contact with a flat SUT | 
pair to twist the spring and raise the outer spag wh m 
point of the coil, A, in Fig 667, is at the final n 
TN E overcoil. The coil can now be bent to shape: * 
— by baiting in brass tweezers ma ape 


zi secondary intermediate 8 i i e 
ra | The order of bending is shown in eet dr "e 25 nnins 
AE diagram S is the start of the rise of the coil a 
8 Í - p = Make the first bend by gripping with t 
| and pressing inwards with the wood stick to 
p smaller radius to the first half of the curves? 
= the position T, seen in B, and make the coo 
the tweezers and make the third bend, as seen it 
ES to the required shape by moving the Werren 
* any position required to make the secondary b 


A | now be as shown in Fig 669 and the curve Fun ot 
Y D^ 4 with the spiral using two pairs of tweezers iN) pe pT 


Fig 667. Start the manipulation at half the le meet t 
: only the last third up to the pinning men 

^ M begin to rise immediately beneath the p 
of the last turn of the main spiral before N 


ande serm cane curve 


Solderin 
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CASEMAKING 


wer are the principal solders required by the watch- 


nelting point of the solder will depend on the nature 
skilled. goldsmith can mix his own alloys. The 
uld do better to purchase his materials from a 
cturer who can determine the melting point with 


ssary heat is with a 


ns of applying the nece T 


ne coal gas and air, compres | 
enient form. Modern torches sis eee 
ners under pressure. The required pees 
burner automatically and so only € 
of heat can be varied by altering gcn 
flame is varied by changing = a be 
hotter flame than coal gas and powers 
ing the solder by direct appli 


Tunis 


older is in the $ 3 
i f . s rincipa ; 

melting grade. There are three P ned in various 
nd eas and they can us : d 

, Pe ione . 

colour of the gold being fash 
in Fig 670, e 
and colour n 
arks 18M. 


th, 
| 


Ith 


the snips, as shown 


Ze. Note the grade 
‘Cen carat, indicated by the m 


bora®- 
i n ring is | 

1 flux 81 gold and silver perm and is 
greater ability to absor s t borax 


r form. pre tie t 


ry i l i 
now available im powt ho must | 
heeds of the watchmaker © 


e the joint 
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We I TOW LINEFPDInm See pert a F 
' TT t Cnt | MIT Corner | i. | Be et, Z4 

rhe 9 | T5 if the he 22 RA 
ijutributed With a small object, such a heat Ag -- LATAS 


ave | 


) 
l 
l 


T Ihe component should be raised to red h , 
| Cat. The actual 


T mperature is needed only at the 


whole | 

old erts | | W : 

i until the solder runs, Fhe surrounding arei need io hoa ncs 
only be hot 


heatel 


ponot 


Crude Of soldel 
sometimes several joints are needed in one component and, ty 
void disturbing, early joints, lower melting pomi solders pa 
NÉ equired as aM p eeds, It is not always possible to avoid 
EC wo or more joints falling in the same place When this hn 

vat care is needed in avoiding excessive heat that may disturb the 


earlier oming 


— rl a a —— — — — 


e the Flux and Solder 
Borax can be puri hased in the form of a cone which is conveniently 


i 
"Ll 


rubbed to a paste with water on a piece of slate, Apply the water to Cleaning the forni 
slate using a small pill bottle with a pierced cap. Place the cap | After cach application of heat the work should be allowed te cool 
contact with the slate and a sufficient amount of water will be until, when shaded from direct light no trace of red heat is visible 
i J 4 
drawn out by capillarity. Rub the borax into a thin, wet continuous | this condition is known as “black heat’ and is the maximun sare | 
paste. If too stiff, the paste will dry out before it can be conveniently | heat (approximately 450 °C) at whieh the metal can pe quenched iene 
“plied to the work. lf too wet, it will not form a continuous film on viihoul becoming annealed. The flux should fall away dung 
th se (| ire = . . , e 
ie work ee | X quenching or easily brush off with warm water If it Gees not 
When clipping off the pieces ol solder to be used, allow theni e «dt De remove T ‘raino the a ition of 10 
tall into Pet x [his will keep them conveniently located anc per cent | Pe ^y TUM * we pes pis 3 ust be 
nu ito the pà | ' | with flux ready fo 3 per cent sulphuric acid in water The acid m 
the same time ensure they are well covered wj ig EN aded slow] A e rai 
, : | C 2 e ensure thi t ` wi n rs IV to« old water and the working temperature raised " 
use. Apply the paste thinly to the area to be SOIE EX b boiling. Use brass or wood forceps with the solution and 
: ETT + \ 131 8. S asi d ^ ‘ 2 
paint brush. Before the flux dries place the solder m post? n. Art emove th DE ! and 
yp " 1 — | Jetely before raisin, ee work immediately all discoloration from the flux 
the blow torch gently to drv out the flux compieten | dati TuS i * i anis 
as pone. Finally rinse in clean water. 


e aiu 
lo avoid the Hux bubbling 


ve work to soldering temperature vg M 
displacing the solder, play the flame on the sui rounding areds : cud 
now the heat to build up slowly at the jou’ < °S Of good-quality watches are usually made of gold or si Yat 
Solder of the two metals. Gold is usually prefe * "ini 
lace th« id l " position so that it is in contact W ith both - | | | he warmth of its colour. Silver tarnishes an ometimes 
| from the direct hea’ t neglected. Platinum or white gold are : 
metal 15 required. 


int but at the same time shielded 


meil i ; í i b 
when using 10W ! ^ non-tarnishing silver-coloured 
4 


tal available can be 


ame. This is espec ially necessary y nd mai me oa 
" 1 " 2 iO ~ sgn d Ma 
int solder, which will quickly melt in direct flame 4 the jo! rades, colours and types of p een arat gold or 
the ioint. If the solder melts without runmm into fu m the supplier. For watch cases, eighteen" 
the joint. It the solder me nt and lea. ; 
| burn a crater into the surtace Ol the compons pi. usual. ualities- In 
um crat ne sanous q* 
l l bv acting ? ^d gold can be bought in an e aily use. Both 
n i ing by ri both a» | Yt senera 
tion of the flux can assist the jointinB f the cor th are too soft to withstand Ber atimum | | - 
` x Is & | C 1 : a ring. ! 
the solder. It 15 important that the . re the solae! m. Huxing before soldering | can be l 
i l Te } i . " ` A E j 7 
SAE í n applied only 111 the areas ** he A and S0 requires no flux. [he meta ion. | } 
4 aled c t 


TOAG à a 
rees of hardness or in the anne 


356 Casemaking 
4 to run. Ii is also important to use exactly tho 
den A surprisingly small amount js necess 
0 applied to à well: made jc nt. A badly fitt 
prop „odd by filling with solder, ¢ nly very rare 
o removed to effect an improvement in the 
ect amount will leave the joint quite dean 
oder deep in the corners. Experience js the fi 


had by pra tice with pieces of scrap metal 


with iron wire to locate the component tor soldering, The TN requi à 
is reluctant to absorb iron oxide and so the wire will nol Tt ea o! 
soldered to the work as would be the case with a more efficient "im 
It is essential that the surface to be soldered is quite clean and em 
before applying the flux. BN 
[he c0! 


fillet o1 


heat is not 


„nly distributed. With a small object, such as a Watch case, the ö 
- wnt s + , : 
hole of the component should be raised to red heat The actual J 
5 m d^ ^C i E] » 3 à 7 * d E 
dering temperature is needed only at the joint which must be E 
heated until the si der runs. The surrounding area need only be hot i 
enough to avoid drawing the heat away from the joint. w 
| ^. 
P 
i i Jii af Older Lu 
| de " a 
| Sometimes several joints are needed in one component and) to | m 
| avoid disturbing early joints, lower melting-point solders are ES 
| ee | | required as the work proceeds. It is not always possible to avoid 2 
670 Clip pieces of solder into the iu < : ; : : z 
borax paste | two or more joints falling in the same place, When this happens er 
reat care is needed in avoiding excessive heat that may disturb the | X 
Preparing the Flux and Soldei | | earlier jointing. = 
à : j 7 i | 24 
Borax can be purchased in the form of a cone which is conveniently | w 
rubbed to a paste with water on a piece of slate Apply the water to | Cleanine the Joint 
the slate using a small pill bottle with a pierc ecd cap. Place the cap Mler i ha pplication of heat the work should be allowed to cool R 
in contact with the slate and a sufficient amount of water will be | until, when shaded from direct light, no trace of red heat is visible. | Er 
drawn out by capillarity. Rub the borax into a thin, wet uon idt this condition is known as ‘black heat and is dile maximum safe " 
paste. If too stiff, the paste will dry out before it can be pr ARN : | heat (approximately 450 °C) at which the metal can be quenches | xi 
p " 1 i 1 | ; 7} X | À =- 4 y | r 
applied to the work. If too wet, it will not form a continuous filme | without bei oming annealed. The flux should fall away during e 
4 th = 11 " ^r - i tor 
the work. | allow them to 3 lWenching or easily brush off with warm waten If it does jai Fik 
I. ee 3 «older to be used, allow the it can h Aa A 
W hen clipping ofi the pi Ces ol Te] ler to be u i / i M. p - | | In bi removed by immersing the work in à hot solution eie B 
aM i 5 | This ill keep l onvenientiy ionen Pe PET cent to 15 -— > =e , The aci ar 
fall into the paste. This will kee} bes Mr | with flux ready for E 1 0 I5 per cent sulphuric acid in water The acid mus : 24 
le Se time e 'e Vv are we overed With URN “uea slowly ta Amie „ri i P. 
at tae same ine Aal e idered using a fine just bel ‘ly to cold water and the working temperature - : z 
ae’, MES CARS ' : - 10 y  SOLladerec i ust ba], 12 i — m y} and ; E 
use. Appiy the pase NE im d ler in position Xpph re} boiling. Use brass or wood forceps with es Si 
jai Jr fore 3i ies place the solder n sition. emove tha . à i ; ! X 4 
paint brush. Before the flux drie P T ; lotelv before raising ae ne work immediately all discoloration mom the and £T 
| blow torch gently -v out the flux completely | | ‘dation hac NU E xt 
the blow torch gently to dry o (d p lux bubbling ane das gone. Finally rinse in clean water "t 
the work to soldering temperature. [o avoid the fu PM i ; 1 
i ; - T rea» ev F e DEM 
displacing the solder, play the flame on the surrounding 9 Mt for Cases 8 
4) shes 518 rly at the joint. ‘Ne ca Af lor silver Be 
allow the heat to build up ae | 0 good, quality watches are usually made of got robably A 
s In] 1 - x ; 7 * 
Poaitioniue the Solder Cal ‘Te of the two metals. Gold is usually prefer ill tum E 
DAHER DTE ARDE EM ith both halves li | the warmth of its colour. Silver tarmishesdn ey 
pP] 14 c the 4 older n pe sition e) th if if 18 ITI contact W1 i l I i HO | | mt 1 of its CO Our. [e id are sometimes | a 
anim > i - E . direct heat * i] black if les iani |: white gow ev 77 : TC 
; time shielde om the dire Seq un neglected. Platinum or W e E ired.. | a 
of the joint but at the same time shielded fi o low melting Ja When 3 paes. slvar-coloured metal is req a 
the flame. This is especially necessary when using X y nol MIR | non-tarnishing silver-cont | available can be fe 
> l : We ame are mea . Dt: | 16 ç ra 1 ` t 2 mes ot me eu "T 
point solder, which will quickly melt im direct fl : „into the JO!" is. med from " m col ane P 5 eighteen-carat R " "E 
run into the joint. If the solder melts without nies. nd leave ? lard si] e supplier. For watch cases es 2 B 
: , : : onen d Do \ er are 2 4 7 A 4 
it will burn a crater into the surface of the comp " ih si vel 2 UTE u various qualities. in they 8 
permanent scar. „acting as d | legt | and gold can be bought in var e daily use Both 1 j 
The application of the flux can assist the join Dy i „correc! | Wen n both are too soft to withstand gene , joe EE 
> flux 18 ol the ; 1Y1,.J iy U k 1 7 T, 1 é E D 
capillary for the solder. It is important that the e the solder * as. n | UTE Huxin 0 9 | t i ] la 3 4 
í ‘ : wae were ; 1 lea al oy . 
density of paste and applied only in the areas W | Vario Sd tand so req 1 l ; 2 1 E 
| degrees » annedie EL” : ME 
| res of hardness or in the amne 1 
1 


Casemaking 


TT > aw 
* " e 


The be els and bands of w atchcases can be m 


| ade from 
material. This will ease the work of forming the 


: Circles re 
soldering and in bringing them to size and shape. The 
entailed in sizing will re-harden the components to e 
Excessively cold-worked material must be annealed to 
cracking and splitting. The amount of cold-working 
annealing temperatures depend on the type of 
supplier can give all directions to ensure the best fin 
the alloy. 

As a general rule gold and silver should not be heated 


will produce à dull-red colour. At this temperature the grains of 
the metal, deformed by work-hardening, will relax and the metal 
will become soft. Silver and some gold alloys can be held in this 
condition by quenching in water as soon as the visible red heat 


has gone. 


Some gold alloys should be left to cool slowly in air, while others 
must be quenched from red heat. And some red alloys become 
harder by precipitation ot copper if allowed to cool slowly. The 


inexperienced should follow closely the supplier's advice for 
working the material. 
Forming the Bands 
The method of casemaking to be described would not be economical 
for quantity production. It is the traditional method used for making 
individually styled cases. The materials are purchased in strip form 
for the bands and the bezels, and rolled sheet for the covers. The 
dimensions will depend on the diameter of the movement and 
the style of the case. For a case such as that illustrated in Plate 
[| make a sketch in side elevation of the movement and draw P. 
the case components. In Fig 671 the dimensions ot the materia! 
required are shown by arrowed lines containing the cr» 
section of the component. The required length of the strip 1» equal 
to the diameter of the movement multiplied by three and one-third 
that is L = D x 33. 

File the ends of the strip square and bend into à ring 


: f pe ; f i i arot 
to make the faces meet exactly if the ends are first eur E l 
` eted r1 


It will hr l 


i 
1 


the horn of an anvil or similar convenient curve, The comp En 
is shown in Fig 672. It does not need to be round. Check -— a 
to see that no sideways stress is being constrained by the H E : 
of contact of the faces. The faces do not need to be hard P. pin! 
together but should be in contact to reduce the width = og 
when soldered. To prevent the faces parting under the hea 

ends together with stiff iron wire as shown. 


Soldering the Joint 

For this first joint use the hardest solder. Place Dac 
iron-wire pad as shown in Fig 673. The pad is suppe tistribule 
handle so that the work can be rotated in the hand » ae js nol 
the heat without moving the torch. The container for e | 
essential but provides a useful guard against the wor 
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the band on t 
d on d 


k sliding 0 


annealed 
ady lor 
cold-workin., 
nsure rigidity, 
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' position ready for reducing is show 
^v only a small amount before the disc Wi 
es of sized discs are required and, with tape 
can be made for each disc. By thi 
quite round and brought exactly tes 
red as it is forced into the tube. For th 
: ‘per can be removed by turning 95 the 


Ch 


noH I^ 


must now be made truly circular and to size 


forcing the ring into a tapered tube by means of a se 
is big 674 shows the tool set up for use in 


oven in Fig 675. 
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675 Forming rings by hand 


Der. ae shape of the work. A shallow bezel 
Wn in Fig 676a. The dashed line > 
li become after the forcing. Note th 
ic her at the line of greatest pressum 
S hardness of the metal and introduces 
like the = 


but 


at the 
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(lame 15 used to distribute the 
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ring is brou 
bezels and can 


remove 


The ring 


hows the shape ny 


pezel becomes 
The com] The 
stresses. 


the 


' à smooth Surface at 
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\ fter making to size the nnus must be turned to fit ti 
e mov 
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che traditional method of turning used by ca k 
RU AKEEM TUE 
akers is hy pole 


lathe. This is a simple spindle with threaded nose tun 
l ; ne | 
attached to à spring pole above and à foot treadle bel Th 
hoth hands free to attend t OW. This 
l o Ihe work, Al | 

A hand bow w 
Vas Very 


used as it left only one hand tree 


677 | isemal er: poli lathe 


he pole lathe is shown in Fig 677, The work} 


l 
C Hn Y ; i 
i c| turr d tO Sire | he work mu B gripped I the inner 


l 

edges, Prepare a true edge by pressing the ring on to a taper 
| true with the handle of the graver rested on the ^T res 

às the work is revolved 


| | Y , y 
urn the inside edge and the lace w ith a sharp gravel h 


as traditionally used [o ubi 


with cutting oil, Turpentine w 
re Wi 


thie) ` , 
odern cutting oils stay wet longer Vary cutting ed) 


LG: EN i : , 
ough surtace to the work Retrim the chuck and fit the we 


true edge as shown in Fig 679 
| | | I] 
he turning can be done more quickly in the 


because i 
cause it has a continuous direction of rotat 
I» expansion 


wed dos 


to prevent the work overheating and, 
rom the chuck, Keep the headator k spindle s] Ww 
00 rpm \ damp sponge o1 piece ol 
work will hold the temperature down 
lor slightly expanding the edge ol the woot 


This is es] 


prp ol the work 
A slide res 
de rest can be used lol all the open 
A nari VU 
ower cutting edge will be necessary to 


After i ! "T 
à ill cuts smooth the surface with watet ites 
Finish Wi 
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to reach into corners 
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as in Fig 678 
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chuck mas he 


wood gripped in i 
n »e of the operations will be luu ED athe When the 
voly, the 8 jawed step chuek can be he the pole lathe 
0 The jaws must be turned to the required "s äs shown in 
at ihe ring, BOP | ed by the inner step to ensure th = for the work, 
E qualh against the scroll thread toensum s ee 
to size, When turning the contin concentric cut 
avide the innermost step. In BOTY Gases tii "s Mn grip the 
nt then remove the ring and contactores Mab "O in the 
requi d to grip Mark the ring to correspond with i. the jaws as 
lop lin exact diameter can easily be rediscovered t vewly turned 
‘ing to the innermost step y replacing the 
«Lar ith the middle band and fit the movement Gri il 
iimly downwards on to the "T Test To prevent the cum gs 
‘allowing the work, Use only the tip of the cutting edge be 
high spots are removed and a full ent can be taker em 
ular. Fig 681 shows a suitable inside cutting tool made fram 


T pulke! 


\ 
ile. Formed in this way the cutter cannot tip if it catches in the 
| lace and can be conveniently swi l 
y swivelled i 
" to bring the tip 
WI Ul) " | ^ b 
| movement recess is completed turn the snap ring for the 


Bes. w-— a the work on the chuek, clear away the surplus 
e snap ring for the back bezel. The dimensions of 

es 475 and the draw angles vary with the size and form of 
is A a el can have a greater draw angle than a thicker, 

el. If the bezel needs to be opened for hand setting 
draw to make the action smoother. 
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681 Cutter made from an old file 


~*~ 


n 


Nen 


al i 


362 Casemaking E | ^g 


Turn the front bezel to fit tightly on to the snap 
the step in the bezel deeper than the height of the 


DOM sa 


Fig 684 at A. Reverse the bezel and open the ohio y üs N zA 
a of the dial, as at B. Turn the groove for the tal and form i a Es o 
1 shape of the outer surface, Finally reverse the bezel and clear E" | E E | 
the unwanted thickness from the inside, as at C. The back bezel . | | p xm 


made in the same wav and to the same dimensions. 
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684 Three stages in forming a bezel f ig the back by hand 


The Back Cover 3 EN is 
Cut a disc of metal for the back 0.7 mm thick and a little larger in Um * eom 
diameter than the groove in the back bezel. The back will be snapped lf the depth of curvature is insufficient ti oo] ma 
into this groove and need no further fixing. and the back re- pressed. Alternatively it c | 
It is important to remove all rolling stresses from the disc before | — om-shaped anvil with a curved and jx ur 
shaping the dome. Resistance to bending will be greater < along ig 688. This will stretch the melee the har * 
the rolled axis and the dome will not rise truly: If it is n quire m “Ve towards the edge. A curve that is too d 
engine-turn the case the back should be true to hic i^ ala ‘flatter anvil, as in Fig 689, but the curve r | 
depth of cut. IR. —— “cular furrow at the peak of the curve. C Y 
After heat treatment clean both sides with soft» vater. of- a . x MM 
under running water. This will leave a fine-grain yl v" mu. 
be beneficial when mounting the back with cement vin . o 


the edge. 


Forming the Back ida in 
| Measure the required depth of curvature with the gauge dede can be EC 
| Fig 685. If no inner back is required for the case the 


FAT, MES ay 
measured from the movement. res: s For A EDU ra 
d For | — 1 


The back is formed in a simple tool preferably us 


1 2 an individual back the tool can be made from brass o | + 
m | greater durability steel is preferable. If a press i hammered 
a the two halves of the tool can be located with pins 1 5 ritis! 


together to form the dome, as in Fig 686. Note tl - 
necessary for both halves of the tool to have the sé e epi e 
metal will curve according to the line of e ps cof the 
curves will be avoided if the curves of the upp* . 
MENS ca a greater radius than those of the lower half. The n 
=auging the height of tbeback increase gradually and smoothly towards the Ed 
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690 Fitting the back to the bezel 
groove 


691 Starting the tube in the draw 
plate 


Turning the Back pror 
When the height of curve is correct, as indicated TETEN 
gauge, the back can be turned to diameter. Cement it to a 
chuck in the lathe. If the face of the wood is true tha 5 Pho hi 
flat and it will be necessary only to make true in the r 
can be done with an independent four-jaw chuck, The« "MAL 
in Fig 717 is especially designed for rapidly truing ines E is 
easily made. 
Turn the edge to a 10° taper to match the groove in the bez el Offer 
up the bezel with the back in the lathe. The ideal fit to the ! 
is shown in Fig 690 where the smallest diameter of the edge of t 
back equals the smallest diameter of the edge of the groove, ^ 
that the edge of the back, by reason of the curvature, * 
ran the thickness of the metal. This will ensure: pi — t that 


dis to assist entry into the groove wife pe sna 
the bezel. M 


The Hinge 
The hinge is made from drawn tube. Traditionall 
the casemaker from sheet material formed into a tube f 
length to enter a draw plate. Fig 691 shows the form oF 
ready for drawing. It is drawn through a series of he 
decreasing diameter until the required size of t ‘ube is 
draw bench is needed for this work. 125 
Fig 692 shows a typical draw bench which ie 
from jewellers’ tool suppliers. The draw pide 
at one end. At the other end a capstan wh 
material with a clamp and chain or a leather s t 
The tubing can be purchased from the bu 
standard sizes of tube are usually too thin in tl 
enough. It can usually be supplied to a : 
are given. A suitable size for the case in van 
diameter with a 0.7 mm bore. EL. 


f the Hinge E 
tube must be fitted into a space forme 
be n aligned groove in the bezel. T he p Osition 
and | " int if the hinge is to be both s hs p 
117 dge the joint will be weak ** thet 2 1 will 
ook untidy: If too far in from the edge th h - | 
without removing an excessive amount of à 
ihe edge of the band. s aa : 
rhe effect of this is shown in Fig 65 a where t 
placed and the banking at a is small andl loes not 
in Fig 693b the hinge is too far in and the e ban | 
and has weakened the joint in the bezel. 


position v 


to the 


0)3a Correct position for the hinge 

The Bearer 

Befor m 
"ore the groove in the bezel can bet orm: 


| 
a Port the tube. This is shown in 
00Ve o " , 
E n the bezel. File the ends at an 
ap ory T 
7 P Sroove. Fig 695 shows the back o 
10 the bottom edge into the groove. D 
don wire pressed into the corn 0 
ad- grade solder placed in t 
Solde) lt is not necessary to fill th 
this in. “ould be used if the soldering i close to & 
mediu ‘nce it is not, and hard solder v ill ena 
If | m for fixing the tube. E 
t it? 
Oxidiz; A 'Osition of the first joint nog 
5 the ring by heating when the 


Fix With h 


if cont; ict 


Bin. 
When 


‘lace of Soldering is complet f ! 
'he edge and it is — 


Me 
he 7 ki en 


Ip 696 N . 3 are cut with a -— i 
: the by ‘ke a guide for the file b: re cut | 


Pal the a as in Fig 697, File t j 
AN Ih, meter of the mw) DS j 0 | i 2 0 | b () Z 3 2 
e bez, t "^ in Fig 698 to give oe 

e b, be Snapped on. V it x shoe 
5TOOVe and cut this f e 


701 Banking clearance 


697 Forming the guide for the 698 Shape of the snap rine 
grooving file hearer Ore ning at the 


band. Check the position of the bezel groove as the cutting proceeds 
to ensure alignment with the groove in the band. 
Some practice is required to form the grooves uniformly through- 
out their length. Place the ring flat on the bench with a piece of 
soft leather beneath to prevent it sliding about. Hold the file firmly 
and watch that it is kept upright and level with the bench surface 
throughout the length of the stroke. The two grooves must now be 
brought to a single round passage to take the tube. This is done with 
a coarse, round file especially made for the purpose. It can be used 
by hand ina pin vice or, preferably, with a spindle worked by a bow, 
as in Fig 699. The file is used as a broach or reamer to open the hole 
and make it parallel. The hole should be opened until the tube can 
be passed freely through without binding. Keep the bezel firmly up 
to the band with two discs and a clamp, as in Fig 700. The hole can 
be enlarged only by the use of a file of larger diameter. If one is not 
readily available it is simply made from carbon-steel wire coarsely 
chiselled to raise the cutting burrs. 


Aide 


699 Broaching spindle 


The edge must now be filed to give the banking 
shown in Fig 693a. Pivot the two halves of the case € 
check the progress. File the parts to allow an opens 
90°. A greater angle looks untidy and is à sign of poor € | 
When completed, the banking clearance will ae 
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Soldering the Hinge — idw Hd 
Cut the tubing to length and wire into position, ¢ he er the 
a small piece of medium solder close into the joint Ante ar 
indicated by the arrows. Ensure that the ends of | 
square and smooth. If there is a seam in the tube pii 

with the joint where it cannot show. — 


to be sure that the tube is correctly po T m: 

un d lines, and finally apply the heat to f 
the pe „ut in with medium solder the t («aisi 

| " des solder. However, this is m 
jn eas) Bi | 8 
n colder may be used for both ope 
jade anch the tube is wired in position a 
we the solder has fused. Easy sole 
hart ONCE en 
sossible for it may melt before the work is st 
t and, in eventually running to the joint, lea | 
cannot be erased. E ; 
The correct amount of solder is vitally imp ori 
in the groove at the ends of the tube. Even v 
of solder a small fillet will form at this point. 
a graver, shown in Fig 703. 2 
Because the tube was a free fit in the he 
lightly misaligned after soldering as the 
on opposite sides. This will be useful in 
the resultant bow in the pin will pull the 
preserve this condition broach the two hah 
taper of the pin. 
Thumb Piece d D. o x 
Ifa thumb piece is needed this can now be fi 
with iron wire and file to shape after solder 
705. Note that after finishing, the thumb p 
beaded edge and is not noticeably an additic 


t Thu i p : 4 
nb piece wired into 


tion for soldering 


Ne "EP. - 
i; olm lant can be cast complete WHS" 
Or th, 2 tor polishing and file flats o 
‘Older , Jer, as in Fig 706a ee 
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orm a n the inside. The solder vine 
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Ut off th at at the junction of the pene 
~ Surplus length of the p 
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Moa. a ^W from very hard, n | 
©. The ends are pivoted in a í 


the bow sprung into sinks in the wings of the nasus 
is sprung open with the bow pliers, as in Fig 708 . ata 


tightening use the closing pliers, as at b. These have ste 
radii and will close the bow without distortion. 1 


707 Bow pivoting tool 
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Hallmarking EST 


The case is now ready for assaying and -— h 
It must also be marked with the maker s punch where it can easily - 
be seen. Typical hallmarks are shown in Pai pi € oan 
carat gold. This is now marked as 0.75. E 5 | 

In England the Goldsmith's Company has a ri . 
destroy all bad work. This right is rarely invok N re 
not up to the required quality of workmanship Y n 
the case does not come up to the required — tanda 
may opt for a lower quality mark. This may happen P P^ 
solders are used. The case should contain not apos, ind 
time of assay and it is illegal to add any non-detaca ^ 
after assay. de di 

It is necessary to scrape some eat NE 
for the assay. Mark the parts that may bes 
Assay Office in the meming of the ENERO 
some part ofthe materia to help to make th M 
Each component will need punching — 
the case at the position preferred for the p! 
the case is to be engine-turned. 


Pinning the Hinge 
The hinge cannot be pinned until the assay is 
to be engine-turned this also must be com: 


n NI L] 
Eu Ny 
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the hinge to the required ip A ath 
rten . from the right-hand pe 
^ Fig 709 at 1, 2 and 3. jn. 
how! Y a grey colour. Maa pie. 
we » broach. Polish quite smoo B " | 

the pin enters both halves of the hir i 

h the pin into the hinge using tt R: 
ai a ‘hat the action is stiff from th 
p^ Shorten the pin to final length, s 
sorrosion and seizure and drive tightly? into the h 
; at 5. File off the ends and plug 7 th gold | 
se x x rub a worn file along 123 z es 
with peg-wood and polish. T 
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wrthout wrinkling. This will leave the glass very sisi. fea 
the peak of the curve. When cool fit true between t D y fegar at 
faced discs in the lathe. Cut the edge circle with a) mend cum, , 
and break away the surplus edge. Polish the rim witha tee E 
ee noe ny dw 
Acrylic plastic is now universally used for watcheb 33 
moulded under hot water with suitable formers. T! hase 
zi made from brass or aluminium and 
moui is in the form of a ring with rubber st 
rr 
im boiling water. After about thirty seconds w — 
cold water. Clamp the shaped plastic between cork ar 
dios in the the and tiin Me eee 
cathe Taek 
The diameter must be a little larger than the di 
roca pO The ga 
of a press tool. The shape is deformed in the i 
bezel seat When the screw is released thes ipe 
ander perseun into thee A 
tool suppliers. À 
Plastic glasses for pocket-watches do not s 
be supposed. They SEIL. 
and so can safely be used as a transparent (t 
same time protect the movement from Ehe Cu 
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rest with traverse screw, The depth of the cut 
rubber b, adjusted by screw c. During the cut the 
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he Slide Rest S 
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s held in a slide e, SUPP* 


he cutter à, in Fig 731, 1 
5 is contro 
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ind rubber is pressed by hand, hard against the w« 


slide W 
rk face, to ; 


;n a slide 
led by the 
ith cutte! 
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depth sel by the rubber. A full depth cut will c 
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his as ar irregular Surface with bright Stre 


inv slack in the sector thread to avoid backlash in the 1 
fittings in the slide rest and headstock will bedesenbed t 
qu ired. ‘ H 

1 4 
a 
pressures are high when engine tuming gold) and the H 

: be carefully hardened and tempered to avoid chipping: " 

does chip, the work cannot be continued and will need AE 
PE 


a clear rub mark on the work surface, Thi 


the pressure is not being constantly ap 
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he slid e IS by far the most difficult skill to acquire 4 AN 
ing and upon it depends the whole visual quip de ER 
J DW 
| 22 
in be a djusted to present the cutter correctly to the work b 
nt screw d. The fit of the slide e is critical the slide rest i 


uw 


uite free and smooth in action, but, when oiled for use 
side-shake in the V-ways. The tangent screw also mist 
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ace DA, rw pr ^ 


| again. 
teel is the best material. File the cutter approximately | 
>e illustrated in Fig 711. Harden in oil and temper to à 

w colour. The edges of the cutter are formed in the 
road V and the angles are critical. They are seroma tool 
niostat, shown in Figs 712 and 712a. The pivoted arms, d, 
re set to 10° each to form the V angle ofthe tool and the 


tilted 20° to set the front rake. 
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374 Engine-Turned Cases and Dials 


714a The burr removed 


angle arm and pushed forward against the stone, as in Fig 712 
The cutting edge closest to the rubber must be kept short to bri »" 
the point of the cutter close to the rubber, as in Fig 713. When "s 
surfaces are smooth tip the platform to 18° and finish the surfac ‘ 
with a well-oiled Arkansas stone. Changing the angle of De 
platform will confine the work of the Arkansas stone to the 
surfaces at the cutting edges, as in Fig 714. To remove the burrs ti 
the platform to 85° and reset the angle arms to 10,5°, Lay the E 
against the Arkansas stone. Make one, short, upward stroke with 
the stone and withdraw the tool. Repeat for the second edge. This 
action will remove the burrs away from the cutting edge and leave 
a narrow bright edge, as shown in Fig 714a. Sharpened in this way 
the tool will produce a clean, bright cut that will suit all purposes 
not requiring a polished finish. When a polished finish is required, 
as for example with engine-turned cases, the cutter edges should be 
polished. The sharpening procedure is as before but the final burr 
is removed with an iron polisher and diamantine. Use the polisher 
at an angle across the edge while the cutter is lightly pressed 
against the polisher. The finished cutter will look like that shown 
in Fig 714a but the small facet at the cutting edges will appear black 
when turned away from the light. When finished in this way the 
cutter will produce a brilliant, polished cut especially suitable for 
case work. 


upper 


Engine-Turning a Case j 
The case must be quite finished, including assaying and hallmarking, 
before the turning is started. If this is not done the assay marks, 
although punched on the inside surfaces, will deform the engine 
turning on the outer surfaces. | 

If a polished finish is desired no soldering can be done to 2n» 
engine-turned surface because the surface cannot afterwards P 


AM „ turn matt yellow 
fire is removed by pickling in acid the surface will turn ma" Mauch 
and again cannot be polished. Cases are sometimes Se er ngine- 
contrast has been introduced by firing and pickling some 57 xd 


turned components to contrast with other, polished, 
parts, 

The surfaces to be engine-turned must be smooth quem 
the paste used to finish after turning, or filing. This i 
because the rims and edges of the case parts must bie 
hand methods after engine-turning and this final y pap 
kept to a minimum. In addition the matt surface WIE m 
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the black mark from the rubber to indicate that th CENT. 
à full cut. ap AT 
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Number of Waves to the Circle EC ^ — 
The number of waves to the circle to be cut is a mà vadis 

or the number available on the roses of the eng» 
number for a case back is 96. More than 110 
the waves will not be clearly defined, Less thar 
at the outer edge, It is not necessary to inci 
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for smaller case backs. The length of E 
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wave | diameter and a high number od "s 
ure THE breadth of the wave remair st ie en a 
wm EMT 
1% Hie Cutter za pet 
Get ELA n untried 1 be ver, TUE 
We. terial. If the case is gold the cutter mum 
A cutter that will cut goig cleanly will also cuts b 
«not always true, for silver is softer and can be cut more 
rhe test piece can be cemented to a wood ble , 
piece vice, shown in Fig 716, or cemented to ¢ 
Fig 717. Note that a truing chuck is used be twe 
and the nose piece. Without this it is 71 nm 


ihe work true in the flat and round, 


scrap ma 
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Work holding vice 


Ihe y Et 
Y adiu. : Pece is fixed to the carrier plausu 
| ent of the three screws B, to bring 
tepare ee E 

Wil the back of the test piece v ith wa 
P to the melting point OF ki! 
"y little pork lard to rel eve! : 
danger of detaching. Clamp! 
ting the ight of the headstock pindle 
Seq u 1 Spindle, with belt oT 
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UTL 3 When satished | 1 ! NEIE T | 
H X When satishe ] with th« height adjust the rubber in advance of t) 
bod | cutter point to prevent the cutter marking the work Ady » 
n t’ 3 of i , . 
| slide so that the rubber touches the work face * i Ee 
Te ace, The work Can n 
be checked for truth by observing the tip of the rubber as th h E 
— " ' T : ' v E IC; 
s stock is turned. as in Fig 718. It should touch the work face à » 
E. | | C c * zd u 
ru. for a full turn. It the slide is pushed away on one side only th E 
} zi , © Work 


surface is not square to the spindle. 

The importance of levelling the work face is seen in Figs 719a b 
c and d. At position a, the cutter tip does not reach the work whil 
at b, with the work turned through 180°, the cutter is 100 dee 
Illustrations c and d show the exaggeration of this fault if the Bos 
point is not kept close to the rubber. | 
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719a Cutter cannot reach work fac 719b í atter too deep into work face 
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719c Effect iy orrectly shaped 719d Effect of incorrecu? 
"utter cutter 
Bring the surface square by adjusting the three levelling * 
the chuck. Lower the screw behind the highest point ane © 
Carri 


177 h 27172 — P Pare : 1 > 
ne other two by an appropriate amount to lock the 
4 necessary re-centre the work by means of the foul centring 5 l 
Ralle Y ts ; acrews are Up” 
“maty, ensure that the levelling and centring Screw 
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'nough to prevent movement of the carrier plate. Thi le 
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| EST "m | "s Jt read» 
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See Fig 720a. 
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720 Reversing the wave 


de Rest 
rest close up to the workpiece so that the uten sat 


the ratchet stop A in Fig 721 to allow the pae 


^ximately two-thirds of the available movement 
‘verse the cutter to the chosen position tor "i first 
cut this will need to be not less than tua | 
t the case back will be, so that the wave will be large 
amine for correct form. Always finally posti 
-lash in the screw. 
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Taverse ratchet to take up back- 


‘aStock | ü of the 


S Now set to make the first eut but the 
ratchet and the curve of the touch prece | 
, start with the locking pawl Cee 2 pe fuil 
at it is always conveniently to hand n inaction 
ul ^ the headstock slowly against the stg of the. 
ter is held lightly against the work. ¢ ; 
trace a line, as in Fi r 722 at A, If the line * 
^5 too short. the ri 


| 00 large. If the ou Gri) ly 


. -Mrvature. 
rn the 
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ley : ; | | 
n | | W ith the form of the curves, tu 
o lock pawl C into the secon 
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This will have the effect of shifting the touch piece from the botton 
of the wave to the crest, The curves of the seeond cut will ca 
be reversed, Advance the cutter by one full stroke of the ty "nw 
ratchet and make a second trace mark alongside the firat. The 
combined effect should be as shown in Fig 723 at d, with the two 
traces separated by a distance equal to approximately one-fifth of 
the height of the wave. Adjust the position of the traverse ratchet 
stop pin A, in Fig 702, to achieve the correct separation, 

Finally set the depth of the tool by taking two or three light cuts, 
increasing the depth a little each time until the width of the cut 
exceeds the height of the wave form, Readjust the locking plate 
and traverse screw and make the second cut, Fig 724 illustrates 
the desired result, called barley corn, with the peak of the two cuts 
exactly in the centre of the waves, If the peak is not in the centre the 
tool is not vertical to the work face and must be turned by means of 
the tangent screw, d, in Fig 726. This will alter the depth of the cut 
which must be reset for a further trial, Observe closely that the black 
mark is clearly defined on the work face adjacent to the cut, as in 
Fig 724 at B. 


723 Correct trace of cutter path 


724 Final form of barley cor" 


Machining a Case Back waves of 
The machine is now ready to engine-turn a case back of 6 
barley-corn pattern. Cement the back to a wood cl ; 
with a lamp until the cement melts freely in 
on to the surface of the chuck turned to fit the conte’ ] 
back. Put the two together and with a little heat k 
into oi back to ensure full contact over the W 


the . as in Pi ig 725. Fit to the — et ad 
flat and round. Y 


Set the slide rest as shown in Fig 726 where the sc 
the work face, and the cutter is turned to the) 
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he curve of the case back. The three p psit 1 
^* approximate positions of the cutter A - be p 

‘the curve, The base of the slide festa 
0 that thi sector can be moved through the 


TT 
Ihe 


“ect, pivot around the point of the UEM 


"ath 


ut displacement of the point of the tos 


the barle 'y will vary as the c id 
ithin A, B, C the barley will vic a 
curve, If it is within a, b; c, the b te yw 

' Part of the curve. AE x 
igt cut with the headstock ii 
rew G, in Fig 720, and the @ 
de 2e of the work, in Fig 726. Th 
the « ‘dpe of the case back 

; the rose back on to the te buch 
well clear of the headste 

"TSed back, beyond the ec 
^! position by using the tr 

the ^h in the screw toe 
Paced, Use the tangent sa 
^l to the curve, Positiot 

Wave is radia 

In Fig 727. EL 
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728 Progressive angles of the 
cutter holder 


729 Plain circle for the last cut 


Once the cutter is correctly positioned for the first wavy cut it v; 
be traversed by the correct amount for each succeeding cut With om 
full stroke of the traverse ratchet. The locking pawl must be en E 
with the alternate 96 notch after each cut. Saged 


Angular Setting of the Tool 

Special attention should be paid to the angular setting of the tool 
as the curve is rounded. The tangent screw must have some means 
of indicating the amount it is turned. Numbers on a thimble or 
notches with a spring click are the usual methods. The screw should 
always be rotated in the same direction but the amount of rotation 
will vary as the curve of the work changes. Changes in the amount 
of rotation should be relatively consistent to avoid sudden angular 
changes in the reflection from the barley. These will appear as 
unsightly bright lines as the finished work is moved about to reflect 
the light. 

It can be seen in Fig 728 that the angle changes rapidly as the 
smallest radius of curvature is approached and reduces again as the 
flat of the back is approached. The change in angle must be made 
progressively before and after the peak of the curve. At some point 
on the departure from the curve to the flat of the centre of the work 
the tool will require no further angular displacement. This point 
should be reached gradually by continuously reducing amounts 
until the tool is vertical to the flat face. 

The barley can be continued to the centre of the work but becomes 
increasingly ill-defined and fussy as the centre is reached. It is 
therefore better to stop not less than 2 mm from the centre. Lock the 
headstock away from the touch piece and finish with a plain circle 
dividing the last cut, as in Fig 729. For illustrations of the completed 
case back see Plate II. 

To avoid errors through distraction that can occur in a busy 
workshop never leave the machine after setting the controls ready 
for a cut. Always complete the cut and leave the machine ready E 
resetting upon return. In this way double setting, which will spo 
the work, can be avoided. 


Machining Case Bands Xitable. 
For the bands of the case a rose of 200 waves would be e qum 
The radial action of the headstock as used for a case back z^ à 
be suitable for the bands unless they are excessively flat as ial or 
thin, dress watch. It is usually more convenient to use A aire 
longitudinal movement of the headstock spindle while the " 


on for axial 


movement and is urged against the touch piece by hos Exactly 
principle of the arrangement is shown in Figs m the form of 
the same rules apply to the preparation of the cutter: e 
the curve of the touch piece. A the truing 
Cement the band to a wood chuck and make pre aves and 
chuck. Check as described earlier for the shape f t | the curve 


their distance apart. Set the slide rest screw tang ince 


t) 


713 Principle of axial movement of 
= the headstock spindle 


of the band, as in Fig 731, and position the base s 
pivots at the point of the tool. All these de ta 
radial rose turning. With the tangent screw seb 
the band close up to the hinge tube and make 
start the barley with a clean edge, as in Fig 73 
s made especially narrow for this cut and it is im 
be made to ensure that the cutter is the minim 
‘ull width cut close up to the beaded edge 
Engage the locking pawl with the notches 10 
the spindle so that it has freedom for axial mc 
“uch piece and set the spindle spring to pulli 


Reset the cutter with the traverse screw and ma 


ror each succeeding cut reset the locking pawi 
oich for 200 and reset the cutter with thet 
“ngent Screw. The final cut, again, is plain in 
“anley cleanly Ze 


Ww 
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In Fig 731a note that the edge of the case is left square with a 
corner and the rubber also has a square corner to the acting tip th 
enables the rubber to be taken nearly up to the edge of the case tg 
make the final plain cut. The corner can be rounded in the lathe 
before the final polishing to give a more pleasing appearance to the 
work. For illustrations of completed bands, see Plate VIIS). 


Stra: ght Line Engi ne 
In addition to the circular cutting of the rose engine straight line 
work is needed for dials. Some rose engines have adaptors § 
to the nose piece to convert the rotary motion into a straight line 
motion. A separate engine offers much greater flexibility in use. 
Fig 732 illustrates the principle of a machine especially constructed 
for dcl work such as dial making. This machine is the 
to the rose engine illustrated in Fig 710. Engine-turning machines 
were usually constructed in pairs to cover all aspects of the work. 
The principle of its action is seen in Fig 732. The workpiece is fixed 
the nose piece A which can be turned by the tangent screw B. 
The plate C, carrying the nose piece, can slide horizontally in the 
| D, whi ich themselves can slide verfi in the V-ways, E. 
Fitted into C is the touch piece T which e the rack R. The 
rack can be raised and lowered by the calibrated oH When the 
handle H is turned, assembly A, C and D is raised and lowered by 
crew W, it will also oscillate horizontally under pressure ot spring 
urging touch piece T against the serrations of the rack 


y-wa E, * 


ot ia ident to that of th 


! harpened in the m 
ers for both engines will be des 


Es ST and s 


* 


i T 
‘ne Tat CK 
"- 
gIe 
J 
r 


— 


5 by an appropriate ar 
reverse the direction of 
od rack of equal pitch tuming th 
t cutter by half the pie 
osttern with the second cut. T 
> A is the first cut and B the se 
e cutter by a little more than he 


wor of Waves es per millimeter of ertica 

| for one with the 9 

fas "€ 
e for all racks. A 

ie from a i of the rack sl 


E 
P. n 


ertical separation of the dian vnd 7" s. Th 


rser than the rack pitch To fi 


crew for any rack 


Pitch of srew — 
2 x pitch of rack 


varies om can be a 


rack with wave serrations 2 
al to half the curvature of th 


Das ee 
. and Other d^ 


bsidi 


— 9285 


3 n - i le 
384 Eneine- Turned Cases and Dial 

ith a straight edge across thae. À 

- the Surface from side 


TS » ~ | ener TO Corner. * bow can b 
" b it ui P" TC; Á 11 d ; — 4 A e 
d j arter traverse 01 the F X«^00 i dowel : : removed by rolling 
piece of wood dowel or ame kae Appi sa 
w will ideally have the ich points while rolling as shown m Feo ¥ 
eally have the b, OS shown mi Big Ta, 
ck screw setting dial will 
ray erse quadrant |f the SCTeW al 5 nofi l 
d fractions of turns f AT HR ‘the dial will have beene 3d whe 
E irns for the basketwork e dial will have been completed when laying out the 
4 The machir TM í the movement, which involves making a tem 
ee e machine illustrated In M ; . ) 
| Es - de a fine line across the plate and carefully align the 
vstem of twelfths and the rack SCTew uA t the brass dial with the lh 
: ok screw. e of the bras al w ine on the plate, as 
ach with a mn hale f - s ; : e í 
parts, each with a pin hole for a marker ; p the two together and drill through the holes kar 
ally divided and marked off into 36 parts, e same sized drills as were used for the brass dial 
ee ee The en rack is also entricity in the holes. Scribe a circle close up to the 
ate its reiz IOT ship of aa 17 ar EL - ! qe . > 
ate its relationship of a quarte: dial to indicate the required limits of the engine 
hif T uU ene T. up and put the brass dial behind the plate pinning it 
mts OF the rack per pitch and four | AEN : f é : 
i RE T P F occ sa cien ich the drillings with brass pins. Scribe a deep line 
Set the dial of tne rack screw to the l 5 T 
i i 5 ; [his line will be used when cutting thedialoutef 
arker pi in the numbered holes i 3 i i ; 
-ompletion of the engine turning 
e minutes can now be seribed with a compass 
tor the minute-hand arbor. For a dial of the 
[I the precise radii will be determined by the 
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* hole suri p^ 


rer than the finished dial to B m 
g dee 
ials, etc., Int or example, in Fig 740 the j 


It must be 4 
3 to allow for reci mm thi k. H ‘OO near the edge ol the dial, 
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; E e : : | | 
f the watches illustrated art j by the rolling "Ce the e i VH, 
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sively rolled it may be bowen nth org) 
the edge of the * 


ni form depth of cut over tne 
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- ing tne seconds d 


386 Engine-Turmed Cases and Dials 


edge of the dial, must be the same as the space between the minute 
circle with border, and the opposite edge of the dial, to achieve the 
desired effect. Move the compass from hole to hole making light 
trial marks until the best diameters are found, and then heavil 
scribe the marks. Scribe also the inner and outer borders of the hour 
chapter ring and the zones for the signature. 
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741 Making the minute divisions with the dri ing qui 


i NM * 
MC 
Pam d ^ta 


the Centre Zone ES 
ompletion of the drilling the dial wi ene eum 
| | 5 ready for engine-turning. Cement the plate : to a a 
740 Marking out the dial plan eld in the nose piece v * Fig 743, and wit thet 
Pa 


| 1 * the centre line upright. Check twis Win e een 
Drilling the Divisions xit d 


ET ' E A TT udin d 74 of the line. Set up the machine with a mac asses | 
The dial is now ready for drilling the markings within the circles for *rrations ne con : d set up the trav TS e qua dra 
the minutes. Fit up the dial plate on the mandrel of the lathe, and . de eter, an P BAA. 


make concentric with the minute circles. Fit up the drilling quill. TRE: as appa Make trial con ee 
as in Fig 741, and with the vertical and traverse Screws carefully it : yn E check the spacing and Wu piu " 
locate the point of a true drill on the centre line, midway o» “it edge of the centre zone OF A e i t E 
the minute circles with the index engaged. Verify the ge : +. 
turning the dial 180° to bring the opposite end of the centre a 
under the point of the drill again with the index engaged- » 
alignment will be exact if the circles are concentric Ideally, I d 
slide should be fitted with a stop screw to regulate the -— this 
drillings, as in Fig 741a inset. New lathes are not supplied wi | 
very useful accessory which can easily be made. the drill 

Smear the surface to be drilled with thin oil to 2 ent to 
biting and make sixty drillings for the minutes toa depths — eter 
reproduce the full diameter of the drill, as in Fig 741a. The« w For 
of the drill will depend upon the diameter of the minute iie. 
the watch illustrated in Plate II, 0.5 mm is used. Fora smaidi 
as in Plate V, 0.4 mm is suitable. 

Change the drill for a larger size and 
markings for the hours. If the minute circle is to | , T 
recess the seconds dial, as in Fig 739, the drillings m c. 71 " If Y 
appropriately deeper within the seconds circle. = if 
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752 Finishing the reserve borders 
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750 Widening the groove 750a Centring the cutter 


Traverse the cutter by a very small amount, just sufficient to ensure 


freedom of the sides of the cutter. Make a second cut, as in Fig 750, 


and reposition the tool to the centre of the widened groove, as in 


Fig 750a. 


The groove is now ready for the ratchet cut. Release the headstock 
spindle to allow axial movement. Engage the touch piece for 300 
and tension the spindle spring, as earlier described for engine- 
turned bands. Giving axial freedom to the spindle will bring the 
work closer to the cutter. Reset the cutter stop screw to bring the 
cutter into contact with the bottom of the groove. Press the slide 
hard on to the cutter stop as the headstock rotates. In oscillating to 


and from the fixed cutter a form of ratchet will be cut into the bottom 


of the groove, as shown in Fig 751. The swarf from this cut must 


be continuous for the whole length of the cut. Swarf in the form of 


small chips indicates a discontinuous cut and can be corrected E od 


further, deeper cut. 


Repeat the process for all other border circles, and | nite a 
curved edges of the signature zones with a TOUR ANM ud 


Fig 752. The radial ends of the zones will be finished lat ings 


same cutter, in the straight line engine. E er : 


Machining the Recesses ZANA 
The dial is now ready for recessing the — 
that may be included in the design. The seconds d 
in the rose engine it the slide has provision tor ad 
screw. The sectors can be recessed in the strai 
the work would need to be transferred to the rose 
curved edge. Both operations can be — 
in the lathe. 
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Seconds Circle . 
Remove the dial from the wood block and wash off th a on 
solvent. Centre the seconds with the * kie 


the plate on to the face plate, as in Fig 753. = ; qi 
sharp, pointed cutter lubricated with thin oil. 

is indicated by the compass ares still visible on th 
depth of 0.4 mm will give freedom to fit 1 
with the surface of the dial. Make several f 
little smaller diameter than the required fu 
towards the centre. At 0.35 mm depth set the 
full diameter, Advance to the full depth and m 
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y removed. Clamping the pi a | 
chile turning will prevent tool chatter and pe | 
fa „of the recess. Smooth the surface wit 
de the arcs for the minute ring a 
s 


ready for engine- turning. 
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The size and position of the sectors can b et | 


tal. Fit a hand to the sector aE ye ma 

a hand on the temporary dial sut 
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755b W idening the groove 


omit the rerecc in tl EES . “+ ` | 

To UL the rece S 1n UE Stralent line neme it must first be prepared 
in the rose engine. Cement the dial to a wood block and centre the 
sector ho 1 1 18 cningl = Ne , : . 
ole with the spindle. Prepare a chisel-shaped cutter, as ! 


= — 4 
rig 747 but of a width equal to rrowest part of the boundan 
Eh of the sector. Set the cutter stop screw 1 ith the cutter touching 
the surface of the dial and with one edge up to the arc of the sectol 
in Fig 755a. Turn the spindle t: bring the de. of the cutter into ! 
LOV = hole and take a single cut to the de oth of the engin 
of the centre zone. The swarf will detach at the uppe! Hole 
traverse the cutter so that the edge is just clear of thi 

1e arc of the cut, as in Fig 755b. The cuts can now bt 

required depth of 0.4 mm without danger o 
? edge. 


lransfer the dial to the straight line engine and set tiv 


the sector hole at the centre of the nose piece. Turn the dis 
the tangent screw to bring a boundary line vertical at the tel | 

Š | B 756. Set the cutter in position and make the first cu! to! 

depth of the engine-turning as previously described. Turn the sex * 
— to give clearance to the left edge of the cutter and complete 
me cuts to the full depth Repeat the process at the other edge an 
ünally cut away the centre. Note that the cutter 15 taken S 
me narrowest part of the boundary into the circular rece»? : E 
cutter must be advanced a very little for each cut. Several cut* E 


* [3 dace ol 
required to reach the full depth. If the cuts are deep the surtatt 


; was. 
thi o deep fo er: 


silver will tear and leave a scar which may be te 
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i i be cut in the lathe by clamping the 
tating the work about the arbor hole . 
ling mechanism. The same cutting method 

held in the slide rest and advanced bei 


: dial to the face 
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757 Recessing the sectors in the lathe 


boundary lines in the recesses asa guide to ensuring à 


rea is covered by the engine-turnmg: The depth of the 


the cutting edge and the width of the rubber will prevent 
ation of the cuts to the edges ot the recesses. The circle 
nds markings will cover the border 

d not be continued to the edge: The plate for ine? 

ill cover the border of the curve Of tie sed recess. 

be brought up as close as possible fe the straight edges. 
d pattern is chosen, introduce contes by 
than that used for the centre zong If the 
sed greater concentration is required io avoid 
st the edges of the recess and r 


aising a burt that 


T, PA 
lac hine 


k is chosen set 
limit stops fer 9 


rlev-corn, only the 


ne : F 
© rack, For dia mond or ba 


ily) « : 
! Stops are required. 


to reach close ug 

x 

‘ote that the f 1 
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|] sand Du, ye 


uas height of the faa : 
is | on | the feet as indicated by the 
movement and drili t 


ryt "Vement holes and fit 


the surface will alte: the depth of the cut and be reprody l 7653. Fil the dial on to the 
Ced im th, 


nrea Ine 
aw LH 


work. Make trial cuts at the surplus corner of the 


f plate to } : : T : 

i SA ; i Check #4 & * 

COO depth of cut and quality of the pattern. i cig 764 STEWS, an » 
PKK 8 

E 2 NM MW M n N Cu i H ne h, ; l 7 i l; re rs 

Ls WC When the work is com jxeted change the tool for ~ ' mane make the fett sel Sy $ 

| E. tool sl in Fig 752 i I, with the ed i T the curved-face ew fixing, mae uie een een H E 
DA, a H OOL shown in Fig 7/34 ana, WHN |? edges of the - “cc Ceciure the ends of the — 9 

| i > 5 e sectors verti al 65 } 110 C WHE with easy m Tm ; 


ie make a cut to clear the edges ol the surface, as in Fig 759, Tip the sh as before in diluted sulphur acid. Cut the w gai 
dial slightly for this final operation and the cut groove he dial e Wires to 


p 11 
al on the movement mark the fees 


j £1 
4 eart 
* P" H Ff 


will narrow :eth and with thes 


towards the circular recess in sympathy wi edges nt — eee i 
) : T aces > | thy with the edges of the sector J 48 il} Fig 766. Finally cut the wire to N 
Note that the pattern does not extend to the circular recess 7 heads are sk a x ub 
75 hing the sector : | — os | heads are shaped to draw the dial un totke A 
39 Finishing the sectors pivot hole which was cut deeper than the sector recess Before locked. These screw are someti fia iras ha 
‘2 = : : i 8 : A " Jt re e * =% 110 v Lens d »^ SOT f m 4 1 E! E 
removing the dial from the engine finish the ends of the signature -ure the dial to the plate when d es flat-headed » 2 
M. — a E zones with the CUT" ed-edge tool. Ta ke the tool into the deepest part ri. t a practice and can ere up as for 7 LE 
— N i 9 ~ Us , ) i * - alti 5 1S Tt ZOOG practice c C Tes 2, EE 
AD d esi: of the inner border groove, and withdraw at the deepest part of the in damage to ZASI 
E d outer groove, as in Fig 760. The dial must now be returne | l | Ex 
E P 2 SA, ed to the tch shown in Plate H is secured bv a single screw f E 
LL ——— dK-—— rose engine for re-cutting the borders of the minute ring within the iae... ! 5 i 
— — m 1 = | A ne M: 


s OM. X seconds circle. À -1 20118 4 l E 


ie zs 
Cutting Out the Dial P Wr 
760 ishing cut for the To cut the dial out of the plate cement face down on a wood chu 4 p ; 
Ne ec as near as is practicable concentric with the scribed circle now RE 
visible on the reverse. Set the wood in the independent Aw chuc} * 7 


in the lathe and make the scribed circle concentric. Cut av 


a 

LL— VAK = - s [ 
7 1 border with a long, pointed tool taking light cuts away from the E E 
25 Se are | | p RS AE | red with iron 766 Dial foot plate screw to NO 
circle, as in Fig 761. To avoid heating the Jia! re cut must be ver! ee III OAA 766 a P bar 


* 
Z orina $ Z E ADU 
: 1 j ^ VIE E 4 [| dac ^ X3 Pe NIE 
Eon sharp and drawn away from the circle to give a large clearance EC x 
! 


eum the initial stages. 17 9 
| | When the border detaches make a final finishing cut to the edge Mie 
L of the dial and remove the burr from the corner with a fle. Remove rcle and Sector Index Plate | E 3 
bam, * ™ | 1 , , " i "1 2 og ay gartt? 2 
lg the dial from the wood chuck and was lean in solvent. Scrub wilt v. 


L^ a stiff bristle brush using a circular motion to remove all traces ol piece of hard- rolled silver sheet 5mm thick. Open 


Ki cement from the corners. Clean out the holes with a proach | VIII t a step collet of two-thirds the diameter of the bd ^ , Ae : 
| | a file carefully remove the burr from the front corner of tie eape »* e, as in Fig 767. Locate the silver with a mark against l SAS 
i i sr W in jio 762 1 K aur i n : ax 
o shown in Fig 762. z mark on the collet. Turn away hensii pay” : | (x 
ms ! ~ | . ) ; EI ess in [he ACA f 
ON NA Dial E he circle so that it almost fits the Wess on the collet ; i | 
M. ial Feet put d— are y d 
| Edoe Screws s will help the silver to the same setting E pk" 
| “uve OCTEWS E E 
i d RCM LO 2o nerneun CIL A eer ver at the T 

my *—. f the dial is to be secured by screws from the Side d i - E h he unt of the gra j -, | | 
1 8 Ae circle on the face with Wie Pt ling quill. a8 i es 
761 esrir TT 1 movement, dial feet will be needed. Place the dial n he drilling 2 c RTT. 


— rne edee rco da c £ E > - See " " = m upt 
ay the edge foi We 15 for the division drillings- 9e 
utting out movement recess and mark at the edge for a side screw e divisic : 


| | e aM m opened to 05 sus Br = Base 
the dial-foi t hole for a plate screw. For a side fixii 8, ut i 1 | n ake the drillings of 0.25 m F E 
P. the discarded border of the dial, bend it to shape and semm ; Bs ;rcle away from the colt 7 p 
: y. position with thin, iron, binding wire, as shown in Fig 763 P-pointed graver part the arc Es [| - un cub OU 1 E 
F^ Rest the dial on a clean, iron wire pad and secure the ome i ds | ies hollow step chuck 1 into dua P^ * a 
/ strip with eas) melting gold solder. Play the flame over tv s i 88 | he completed ring shoul ? secure the dink" >. WE ae 
area of the dial to avoid distortions that could shift the pem. ‘urther fixing. If it is preferred tos ite five se p^ i 
i 0.3 mm holes through iwa appen d gril : T 


ry 
of the ends 01 the Strip. When cool, remove the Wire and Ww [WO 


i f i IphurH : i the rece ; i TE 

dial in a hot solution of twenty parts W ater to one part su * thie circle correctly orientated imn l dial holes E 

TR E TR - , remains OF = Ola , i . Open í dial * 
62 Ren burr from th acid. This will remove the fire stains and the rema Oles. Thread the holes e n ith the k of the » 
hor Sais 5 Se : . "1 i 

porax Hu» s and sink the heads flush W 1 
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768 Marking out a sector scale 


770 Sector scales cemented to 
concentric plate 


Sector Plate 

For the sector index plate, strike two ares of circles of appropri 
radii and cut out the plate with a fine saw, as shown in Fig 768, a 
all edges smooth and carefully reduce the length to fit the ue 
into the recess. From the arbor hole of the sector strike an aia 
the inner edge divisions, as in Fig 769. If the division is simple 3 
for a winding indicator, the arc can be divided with e pointed 
dividers and the marks drilled as for the seconds circle. Complex 
divisions will need to be done with a dividing head in the lathe. 


769 Striking the arc for the sector divisions 


Turn a brass blank to support the plate, which is cemented into 
position, as in Fig 770, ready for drilling with the quill. Secure a 
plate to the dial with screws threaded into two of the divisions. Sin ! 
the screw heads flush with the back of the dial as for the seconds 
circle screws. 


Engraving 5 
The dial is now ready for engraving, but unless the watchmaker es 
the necessary skill acquired from years of experience * 
the work out to a practised engraver. Even then a sample a à own 
should be commissioned before entrusting the work to am achine, 
source. The work can be done with a pantograph engraving a ver to 
but will need considerable skill afterwards with aen Backes 
eliminate the mechanical and ungraceful effect that sue ya 


are capable of producing. 


Finishing the Dial ae 
Bleaching the Surface eo cement. 
Wash the dial in solvent to dissolve any remaining traces e ners ol 
Do this most carefully with a soft brush to reach into ste A 


he engine-turned areas. Wash again with soap i 
patting with a clean cloth or tissue paper. Sup 
and flat ensuring that the feet are not touching I 
shown in Fig 771 is turned from a dise of brass am 
sized dial without resting on the feet ee 
Shade the dial from direct light. With a 
uniformly over the surface of the dial raise 
Allow to cool and then place in a dilutes alt 
acid mixed in the ratio of twenty parts of wat er io one m ac 
the temperature of the acid to about 90 a B ao r ? C 
The heat from the torch will discolour the cia B^ 
^e impurities in the surface of the metal Ph 
discoloration by dissolving the oxides to ex 
"race. If the dial is not completely clean, wash 
the surface and repeat the process. FP 
ie E from the torch would be me 
is i B rst attempt. But this would 1 25 | 
Nu : mage by loosening the dial feet. ti 
"e and gradually achieve full v 
| ees least to the temperature of the a | 
Will in, o while hot it may warp. iem ur 
vase the diameter by quenching ii mie 


TW 


J Ade í ondition. 


W T CAU 
o a “Ne surface is evenly white Overais® 
ne, Ming will not be easily Gisanee 
Benth, e the appearance hold the dial 
Musi i “Tatch-brush with a soft, brass, 


? very thoroughly done to E right 


the 
UT ni 


hme, ‘urface with tissue paper a e. 
lom," Process, If the brushing zum 
defor "lace will become white under ane 
the ^ heat is reached. Rinse im e sua 
pape; The ning, wash under ruf Mor, aM | Y - 

ate face will now haveg I | / 2 0 | 6 02 : 3 d 
rf | : le light to emphasize the enginn | | 
y Hey delicate and must not be e 

‘shed it can be lacquerest ™ 
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gm * - ter ring and signature cartouches with pumi " pape and gently s 
pow «un r mixed to a thick paste with water and applied with * r1 will we up the ox ecesh 
compass, as shown in Fig 772 Finish cartouches ur ary hout ving st; 
eg-wood cut to a chisel end and charged with the Paste. ns in the corners alter hs 


; fine camel-hair brush under m 
py water will remove all tr 
1 divisions with 
T give the filling a at ME 
"plu from the surface with a st »i - i 
Cut the flat large enough to b »ridge the mm 
el rupom g contact with the dial sex r — 
orn marks can be removed by m p" 


ieces with thin p 
To prevent — (da 
er over 7 while drying PNIS ble 
r scales and the dial is ready for fii 
ccessary to remove the hands pr 
per, as in Fig 775, while leveringu 


Hn hí 


Mx 


+ availabl vea puris is 


Circular grain the seconds dial and sector scales with a piece o! 
paste and used as shown in Fig 773. Hold the 


spaced at the correct radius, with beeswax smeared on a cork 
lock. Locate and rotate the wood on a pivot pin in the cork 


wood charged with 


riers 
pe 
a 


775 Protective paper for 


n Plates i +. 

ire now usually made wer 

es were made pue d n 
Brass plates, 


eie 02-34 


773 Vinishung the seconds ring and sector scales 
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e 


sparkling appearance of their Geneva bar movements, to whi 
applied damascene decoration. Nickel does not readil ee P they 
so the damascening will remain bright for many "i . ize and 
mechanically with wood or ivory and abrasive paste, is done 


Spotting 

There are two basic methods. The first is shown in Fig 776. 
vertical quill is revolved with a belt or bow. The ivory — a 
in the lower end may be solid or hollow. The plate P is EN LIA 
a wet pumice pow der paste. The pattern is formed by bringin m 
revolving ivory rod into contact with the paste which will "ae lie 
surface of the plate with a whirl or ring depending on the form f 
the end of the rod. The plate is advanced at regular intervals This 
process was used by the English chronometer makers who described 
it as 'spotting'. 


776 Spotting machine 


Graining 
The second method, using a metal straight edge 
polisher, produces regular paths of curved grain. } 
on a wooden board with holes along the edges, as 
straight edge is located against pegs which are dede along os 
board as the work proceeds. After each row of grain use a soft brut 
to re-apply wet pumice powder to the plate. If necessary the the nee 
of the work must be adjusted with packing pieces jn 

contact with the polisher. 


n-i yellow colour which will resi 8 


id refined and superior to any dt mies 


assed through the aca piat 4 


wil become tarnished i left u t 

f a thin layer of gold will bees 
appearance. Traditionally the g 

i the resultant amalgam rubbed oi 
f the surface. The work was HE 
ff i mercury and leave the ge 

e fumes from the charcoal hi 
m ger to the health of theo 

m alil 
ning and scratch-brushing de 


t of blue screws, polished aeg rilded 


clectro-deposition can ane —— 


nore convenient. The work is su T 
^ Cyanide containing dissolved gol an 
is an anode plate. The soit es bere 
"urrent of about three volts 
5itive wire is applied to the a 


“on is rich in gold salts the a 
solvable. When large quantus 
'* will prevent — 
lied by a battery while the gc 
inable for mixing with water 
material suppliers can > 
- These have controls for vi 
de nsity by which means th 


pe. aking lowering 
Paler colour. But salts m 


EM f 
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be constituted to produce a pink shade, This can only be ch 


; i 855 in "^ Anger 
by altering the constituents, The addition of a minute Bed 


| ! amount of 
silver solution will help produce a lemon-yellow colour 7 
; (d "e 


on gilding solution is obtainable from manufacturers" worksh 
instruction sheets, odes 

The surface of the metal must be prepared before gilding whieh 
will merely cover the surface without affecting the texture, Thus 
the finish obtained by the methods relating to Figs 776 and 777 will 
after a light gilding, be unchanged except for colour, If the process 
is continued the pattern will remain but the surface will become 
increasingly dull. 


Preparing the Surface 

To produce the lustrous matt surface of mercurial gilding the watch 
plates must first be polished free of all scratches. Do this with 
wood polishers charged with polishing paste, All marks left by the 
flattening stone must be erased by the polishing. 

Matt the surface with a fine, steel, wire mop used dry and revolved 
at not less than 3,000 rpm. Allow only the tip of the bristles at the 
edge of the brush to touch the work surface, Because only à very 
small area of the plate will be in contact with the bristles the work 
must be moved to and fro so that the brush can cover the whole 
surface. Turn the work through 90° and repeat the process. Each time 
the whole surface has been covered the work can be turned and the 
process repeated. In the early stages the surface will assume a soft 
sheen without obvious matting, such as is found on early English 
plates. Increased application of the brush will increase the matting 
which will eventually become very sharp and bright. | 

Some practice is needed to achieve a completely uniform surface. 
An excess of matting over engraving Or raised edges will produce 
an exaggerated sharpness. If it is required to reduce the matting 
the surface must be repolished and the work started again. It 15 
important that the brush bristles touch the surface only briefly and 
without dragging in contact. m 

After matting suspend each piece loosely on a copper wwe. — 
in degreasing agent and finally, briefly immerse in à bath of ie 
parts of sulphuric and nitric acid diluted with twenty parts of M ater. 
This bath will leave the surface chemically clean and read y sd 
gilding. Rinse in warm water and place in the gilding bath. » 

gilding scratch-brush under running water with a gentle x 
motion of the brush used in the hand. Dry in warm boxwe 
dust. 


Cleaning and Oiling i he first and last 
Many months may pass between the completion of the ive Alps! 
components of a watch movement. The plates will ios 3 
continuous attention throughout the movement 5 — y when 
some components will also need frequent handling, s Dtm 
their action is linked to components that are to be ma dn stained, 
Inevitably the surface of brass components will — screws 
and dirt will lodge in holes for bearings, steady Pins 


arting to make egen net 


id * m 
components should be washed NEN | 
"I ML US De 4 ming marked durin * ii b. ey 


| Jone with an ultrasonic bath of wy Mel. is 
J i NATIN Grate - 


| aT. , i " Y | We : 
p Pui the pieces in a wire ee enen 


e Remove the basket from the toiko aaa 
surface to soak up the excess water Bugs 


spirits to remove all traces of water nd * 


2 c yg 

P p n 
M N E 
' 2 . 
| * F Al 
ALN INO — 


v tray ol boxwood dust. It is safer to put small | 
in a sieve box. This comprises a cylinder of s ' - 


„bout 70 mm in diameter and about 100 mm in le 1 * 
at each end and a gauze division half way u pns. ius 
bottom lich n position, half fill the top half with be 

Putin the compe ments to be dried and, with the top | 
invert the box to cover the components with the dus 

minutes invert the box again and gently shake it frc side to si 
lapping if necessary, to sieve the dust into the lower "i Ifo | 
This will leave the dry components in the upper i : 


remaining dust. 


This treatment will leave the pieces clean ; 
abrading or chemical action to the surfaces. If i 
remove accumulated stains and oxydation add a | 
the soapy water, This will quickly remove the s 
surfaces chemically clean, but will also allow 'e 
SOI quickly. A better, although slower, methoc 
Se 2 (8 soft brush charged with a mixture of s : 

When th | wares rinse in warm water and dry asi T 
sildina 1 Mo IS completed and ready for ME 

5; it will be adequate simply to clean ii 
"a Aes | soapy water bath. Any stains sh i: 
bed hing the component part. After the je 
0 h e ie. In fresh, warm water and then n? ; 

e | traces of water. Finally, rinse ESS as 
lines lely with boxwood dust to avoid air uim 
me dd € on the surfaces. 2 : | 
eTemove, t \ould still cling to the comp eos 
Way iy y gently blowing it away with t | 
holes * a soft, watercolour paint brush. 1 
Speciali PONE jewel holes with share Le 

Y portant for brass-bearing holes W^ p 


» = 


| | N 
i id e of dirt were left P eui une 
5 with clean, freshly cut pith. v remi 
| ‘tains which must be com m T5 
e assembled. | 


1880 « y vin rs w 
"mbly, lubricate the maine 


Ultrason 


(Nain m A 
T consistency and 1 
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and Ce s b , nid | iens à | 
emen ntre pivot holes w il "Ife , A.r 
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refined, natural oils which suffered viscous changes with age and 
temperature variations. Only a very little oil is necessary as the 
capillary action of the oil will hold it close in to the pivot on the 
inside surface of the jewel. It is only necessary to see a thin ring of 
oil surrounding the pivot on the upper surface within the oil sink 
Where the jewel has an end-stone, place the oil at its centre, When 
fitted, the capillarity will centre the oil at the dome of the jewel. 

Lastly, fit the movement, together with dial and hands, into the 
case and the watch is now ready for final rating. 


ELECT e 


[he following books cover the history of the d 
portable timekeeper and are recommended as f 


Baillie, G. H., Clocks and Watches: an Historical Bib 
edn, Lond. n, 1978) 2 ^v ER 
( hamberlain, P., It's About Time (Facsimile edn, | on L 
Clutton, C, and Daniels, G., Watches (Revise d edn, eam d 
ieh The Art of Breguet (London, 1975) 5 
uld, R. T., The Marine Chronometer, is een em em 
‘London. 1923) 4^ 
quet, E., and Chapuis, A., The Swiss Watch (Bet 
ercer, V., John Arnold and Son (London, 1972) — 
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APPENDIX II 


To Set Out the Independent Double-Wheel Escapement 


If linear dimensions are to be taken, the drawing should be to a scale 
of at least 20:1. Mark off the centre distance of the balance to escape 
wheel. From centre A of the wheel draw the angles CAO and DAO 
of 10? each and the angle EAC of 4°. From centre O of the balance 
draw the angles ROA and AON of 18° for the 36° of escaping angle. 
From D mark off the additional tooth spaces F, G and H of 24° and 
the transfer drop angle U of 4° from H. 


From F and U extend tangents to intersect at the lever pivot J. The 
line JO is the centre line of the escapement. Extend the locking point 
of tooth F to touch line JO at 10° of draw vertical to JO. Where the 
two lines meet, centre the circle for the principle locking stone p. 


From J draw L to pass 1° inside the circle of the tips of the wheel 
teeth. At the intersection of U and L raise UV at 8° of draw to V. 
Centre the secondary locking stone S on line AU. Draw the line 


OT at 3° to ON to indicate the face of the pallet at the moment o! 
unlocking. 


From J draw line JK for the lever unlocking angle of 3°. From : 
draw line OM at 12? of balance unlocking angle. The locking . 
unlocking angles are equal at 12° each side of the centre line ams s 
be completed 16? before the completion of impulse. The * 
angle is 36°, minus the 3° of TON and of ROG leaving a total E E. 
At the intersection of JK and OM is the radius for the unlocking Pin 


identical to 
nd distance 
ching the 


The impulse, locking and draw angles of wheel P are 
those of wheel A and are constructed from angle 407 a 
a depth of 1° and the transfer drop angle of 4° is approa 
circle for the radius of the impulse pallet. 

M 
The details for the fork, roller pin, safety roller and gu ad pt E 
described earlier for the lever escapement. 
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APPENDIX III 


To set out the extra-slim co-axial escapement 


Get out the centres B & S at any convenient 
distance. 


Draw the angle ASC of half a tooth space 
and the angle DBE for the escaping angle. 


Draw arcs F & Fl to define the wheel 
diameter and roller radius. 


From C draw angle GS at 22.5" for the exil 
locking tooth. 


From C draw angle HS at 90? for the entry 
locking tooth. 


Draw tangents VP and YP to locate the 
pallet pivots. 


Draw pallet centre line BP. 


From P draw lever angles PBK & PBL and 2° 
locking PVM. 


At the intersection of PV & GS draw the 
angle 14° of draw for the locking face. 


On are WH, at the requi 
* - red lever é lo ar 
PN and 2" locking PO. e 


Draw the entry locking face at 12° to HO 


At the intersection of PL & J draw roller pin T. 


Complete the detail of lever for guard dart 
and safety roller. 


Draw arc F? to allow 0.03 mm clearance of 
the impulse pallet. 


Draw lever angle P & P* and pinion 
addendum angle UST. 


Define the lever pallet length with arc Z 
allowing 1? drop at P & P". 


To ensure safe intersection of the lever pallet 
with the pinion addendum the pallet is set at 
4° before PS. 


The dimensions of the components and their 
interrelated angles will depend on the centre 
distances, the numbers of teeth in the escape 
wheels and the chosen escaping and lever 
angles. 

From a study of Fig1 it can be seen 
that excessive locking depths, drops and 
clearances will cause a reduction in impulse 
angles. The areas indicated in Figsla & 
lb must be given close attention to avoid 
possible loss of efficiency. 
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angles. The areas indicated in Figsla & 
Ib must be given close attention to avoid 
possible loss of efficiency. 


On arc WH, at the required lever angle, draw 
PN and 2? locking PO. 


Draw the entry locking face at 12* to HO. 
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seconds hands 169-70, 170 
shape 169-70, 169-70 
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— Hardening 


carbon steel 18 

pinions 53, 53, 134-40, 139 
Springs 345 

steel 51-3, 52-3 

see Annealing 

see also Oil-hardening 
Harrison, John 262, 319 
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Headstocks 69, 377-8 
Helical springs 339, 339, 345-6, 345-6, 
352, 352 
Helwig, Alfred 302 
Hinges 364-5, 364-5, 368-9, 369 
History 279-300 
balance springs 334 
engine turning 371 
movement design 279-80 
tourbillon 295 
Hobbing cutters 112 
Holes 
drilling 36-7, 36 
escape-wheel 305, 305 
finishing 307 
jewel holes 180-3, 180-3 
sizes 36-7, 36 
square 147-8, 147-8 
Hollow work 
polishing 64, 64 
Hood, Jas. 272 
Hour hands 170, 171 
Hubs 69, 70-3, 71-3 
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Impulse angles 195, 195, 230-3, 231-2 
Impulse pins 159-60, 159-60, 175, 
215-6, 215-6 
Impulse rollers 154-6, 155-6 
Impulse stones 175 
Independent double escapements 
162, 162 
see also Escapements 
Independent double-wheel 
escapement 237-9, 237-9, 406, 407 
see also Escapements | 
Independent double rollers 157-9, 158 
Indian ink 399, 399] 
Ingold Fraise 133, 133 
Invar cross-bars 322 
Involute curves 107-8, 107-8 


eeth 107-8, 107-8 
Ivory finishing mills 186 
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Jacot drums 82 
Jacot runners 80, 80 
Jacot tools 78, 79, 85 
Jewel presses 175-6, 175 
Jewelling 175-93, 175-7, 180-93 
chamfering 182, 182 
curving surfaces 191-2, 191-2 
duplex resting stones 190-1, 190-1 
endstones 193, 193 
faults 177 
fitting 183-4, 183-4 
flattening 182-3, 183 
holes 180-3, 180-3 
lathe Plate IX 
locking stones 189-90, 189-90 
mills 178-9, 179 
oil sinks 181-2, 181-2 
pallet stones 188-9, 188 
polishing stones 177-9, 177, 179, 
184, 184, 186-7, 186-7, 188-9, 
188-9 
pressing 177 
roughing stones 180, 180 
ruby cylinders 184-7, 184-7 
screwed settings 184, 184 
selecting stones 179 
setting 184, 184 
tools 175-7, 175-7 
Jigs 123-4, 124 
Jürgensen, J. 204-5, 204 
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Karrusels 298-9 
Keyless winding 272-3, Plate XIII 
Keys 272 
blueing 68, 68 
Knife files 28 
Kullberg, Victor 302 
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Lacquering 397, 399, 399 
Lantern holders 62 
Lapping tools 99-100 
Lathes 6-17, 8, 9, Plates IX, XH 
accessories 10-3, 14-5, 16-7 
belt drives 10, 10 
centring 13-5, 14 
chamfers 15 
chucks 16-7 
collets 39-40, 39 
control 10 
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Locking stones 1» 


cutters 10-1, 12-3, 13 


cutting wheels with 135 PME 
296, 296, 325 passim Pt 
cutting pinions with 135 passim 
dividing plates 129 
drilling 37 
drilling quills 14-5 
eccentricity 15 
escape wheels 17, 17 
fitting chucks l 7, 17 
for case making 360 passim 
for making components 147 passim 
gravers 10-2, 11 
Jacot runners 80, 80 
jewelling with 175 passim 
jeweller's 177, 177 
mandrels 13, 14, 15, 16 
microscopes 14-5 
pointing with 25 
pole lathes 360, 360 
polishing with 46 passim, 80-1, 80-1 
slide-rest cufters 12-3, 13 
step chucks 16 
threading holes 42-3, 43 
tolerances 10, 15 
tool posts 13, 13 
turning with 69-100, 70 passim 
types 7-10 
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wobble sticks 14-5, 14, 15 
Left-hand threads 49 
Lepine callipers 279 
Leroux, John 218 passum 
Lever angles 210-11, 211 
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auxiliary draw 213-4, 213. 
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club-tooth 218, 218, 2224, 223 
components 206-9, 207 
counterpoises 213 
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errors 335-6 1 
ape wheels 195 pass 
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invention 206-7, 207 
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locking 219, 219 ie 
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oil retention 2 18-9 
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escape W heels 
312-4, 312-4 
escapements 302-3 
finishing 317-8 37 
holes 305, 305. 30 
karrusels 298-9 
materials 3i 03-4 


movements 282-^ 


i" one-minute 297 

3 VIII 

$ pill ars 306-7 
pinions 307-8 

* pivots 309. 


plates 303-4, 304 
springs 316-7, 34 
upper bridges 307 
vibration 331-3 
wheels 283-4 

3 winding iri: 284 
| Transmission wheels 4 
Triangular files 284 
Turn ratios 101, 101 
Turning 69-100, 70 passim, 360-1, 
Turpentine 360 

Tweezers 31 

Twist drills 36, 36 


360-1 


q 4 U 


» a "i U nioc] King angles 195, 195 5. 221, 
26. 5 226-7 


yu 
q Us | 
niox king rollers 156-7, 156-7 
3 jns "ing 
P 5 "*capements 197-9 197 
: ! Ese 4apements 
winding r Winding 
| h 
q 


V 


Velocity ratios 102-3, 102-3 
Verge escapements 197- 
33. 
Vernier gauges 20, 21, 124 
vertical racks 383 
Vertical rates 341-2, 341-2 
Vibrating to length 349 
Vibration 
sut p aem vidit 


8 * bse: 331-3, a 


escapements 195-6, 220-1. 23 
watches 331-3 
Dn CCS 
s 203. 203 
ua C 5 W heels 
cn trains 
construction 113-4, 114 
design 113-21, 114, 116-7 
pinions see Pinions 
ratios 113,114-5 117-21 
wheels see Wheels 
Water-of-Ayr stone 12, 54-5, 61 


Wax chucks 16, 16-7 
Wheel plates 22 
Wheels 101-33 
addendum curves 104-9, 106-9 
centre line with pinions 104-5 
104, 121-3, 121, 123 
cutters 108-12, 7 ee 
cutting 123-31, 124-3] 
cycloidal curves ; 105-6, 105-6, 
108-11, 108-11 
depthing 121-3, 121, 123 
diameter 108-fl. 150-11, 115 
driving circles 101 
faults 106-7 
finishing 130-1, 130-1 
hubs 124 


3, 19/, 298. 


involute teeth 107. 8 705 
polishing 612,62, 13 3 


te eth 107-8 ; - 1! / 


107-8, 126.36. 47- 
teeth forms 101-11. 301.54 
topping tools 131.3. 
train calculations Pla: 
turn ratios 101, 101 

velocity ratios 102-3 7 
watch trains 113-21, 114 


, „ 


see also Brass wheels 
Centre wheels 
Divided-lift wheels 
Escape wheels 
Escapement 
Fixed wheels 
Fourth wheels 
Ratchet wheels 
Third wheels 
Winding wheels 
Willis, Jno 27 2 
ane, pol lishing 59 81 
W ‘inde rs 25 8, 258 
Winding 253 passim, 266-73, 26. - 
differential gear 268, 268 
differential screw 268-9, 26 
epicyclic 256-7, 267 
indicators 269-70, 269-70 
keyless designs 272-3, ^ 
ke V 5 272 
mainspring 253-7, 23 
power va riation 255+ 
wheels 284 
Wire cutters 30 
Wire gauges see 
Wobble sticks ! 45, i 
Wolf's teeth 151, 151 
Workshop design ph 
Workshop equipment 
Workshop lig hüng - 
Wrist watches Plate 
balances 322 f 
escapements 2 


Pinion gaus* 
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Zinc polishers 
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